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nfOHEIUlCAL POiW OP ASilSMIC RIDGES. VOLCABQE), AND 
SCMMQK1S 

C. L. Ar(««tna (Dcsrfctnnt of Geological Sciatica* , 
C-irrul) UMaeraUy, Ithaca, Hew Tortt, l9ftS3>, D. L. 
Torcott* 

Hasp volcanic itruccuraa have a regular geoaecrl- 
cal fora that *uu**ta ■ tlople *od unlveraal aach- 
aolaa lor rha growth. «a loggaat lhat the auftau 
of thiaa volcanic itruccuraa 1* a turfaca of eon- 
atant hydraulic potential. When an eruption begin* 
II fat lova e path to tha point on the surface thet 
hat the alultun hydraulic cctlatanct. thU reelat- 
ance locludee hath tha frictional reaietanu to the 
flow and tha gravtaerrlc potential aaioclatad with 
■ lavatlan. Ua dctaralna tha thap* of a tuo-dJ«en- 
alanal volcanic adlflca f oread fra* a line aource 
and ceapara the ebipe with bathynatrlc profile* 
ecrca* aaveral aaataafe ocean rldgaa. Ve alta coo- 
para the predicted ahapa of an txlaysaatrlc voleanis 
edifice foraad Cvaa a poise aource with aaveral pro- 
file! free the Caactde tenge In tha Matern United 
statu an) with a nueher of volcanic lalanda and 
leaosunta In the Pacific. 

J, liaojft/a. Abb., B, Paper 48(1772 


and erapoaltlan were **di In qulaacanfc volcanic pluaa* 
a a It cad into the tropaepher* fro* foae and Ararat 
volcano**, Coat* l(ca. and Oollaa volcano, Meiloo. Mg 
Million rate* were 100<lto aairlo tone per day (t/dl tor 
Maa, UMO t/d for Arena!, and 120»S0 t/d for Colin*. 
Tha concentration* ef eOj oaloulatad ftoo the 
OMPECAIDAH date ware S-dlD ppt>. conoantratlona of IO] 
aaaaurad dicectly by flaae photraetry ware IMM PPb- 
partlolea oolleoted In the pluaaa with a quart* aryatal 
alerotelanoa laputor were ooatly laaa than 3 alctoaetor* 
fuel la dlasater and oonalatad of droplet a of dlluto 


auLfur-boarlno aolutlona and alnor a*e ta |U1 „ 
alllcata partlcla* coated with • euirur h*« , |a 

cruet, Total particle concentration* ’■ 

Mb ani 18.1 uo/a s tor Collna. ccnparlaon 
concentration a 'of 80 j in the pluaa* "lihSJ'jUii it* 
col looted at funarolee on tho yrounc JW IJ|: 

pluaaa are diluted Uy tha atao^haro oy 
IDS. (Volcanic pluaaa, aulfur dloaldn P ,r 
atnoephora chealotry) 


J. Oeophya- llou. , D, Pnpor 1D0JIJ 
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THE LUK VULEY/WKO B1SIR VOLCAUIC C CUP LEX I A 
PprUKlHABT KAGHETHTELLTOtC AKD HIGBETIC VARIATION 
IKTEBFUTATIOH 

]. ?. Earolflce {Daparraant of GeulogtcaL Sciences, 

Brown Unlvtralty, Providence, RI 02912), U. H* Elccua, 
and C. A. Heiaaon 

The Lang Vallay/Hnno laaio volcanic cteplax la one ol 
(he few aajor elllcic caldera eyalau In uaateni Worth 
Acetlra that nay atlll be potential l v active, Hagoe- 
(■ttallurlc noiiaureoanta oifer a algnidcant opportunity 
to aiudy au:h eyatsM through upping lubiurface *lec- 
irtcil ftaturae caaoolited with hydtotharaal end up*, 
tlr prureiiaa la the cruet. 'Tur eiudlee In thin etee, 
however, Indicate that euch technlguaa era profoundly 
ulf acted hy the highly three- Jlaooilonal atrueturai 
aasoclaied with theaa coepllcaced volcanic tarraua. 
Sieple plnna-layared (raa-dlaanalnnal) Interpyatatlctui 
are likely to be dial lading In euch a ccnpllceted 
ihtae-dtbanilonal onvlron»Bt, On the other hand aag- 
n* tot ally dr obfarvatlona tan dalfnant* laiporrant 
phyaical laaturea aaaoclnted with cildara atructuraai 
io pattlrular, tha uthod cun cloaely detanatca the 
local tan and Bagnltuds of cajor beusdety fault*. In 
Addition, sonaurcuatc at altea In tha south noat or 
long Valley caldera Indicate the prune* at a *ti na- 
turally centra I lad aaat-uoet c Lee trie rurrent eyatea 
al relatively ahallov dapth la the ctutt. This 
•longutcd eja t-ueat tom Is aligned along tha halt 
of recant aa tonic artlvlty In tho (cutbweit neat, a 
rona or aelealv fhenr imva ottanutlon, nad o ions 
of kn.vn hydro thtnul alteration at lha aurfaca. 
floally, obaarvutloni Iron the vicinity of Mono 
Cretan, which ben bran thought to la associated 
with os active Inc (plant caldera, do not indicate an 
ckaacvable decrees* la rep is 1 1 Vi t; at shallow depth. 

He conclude that lha parent sagas body feeding Hone 
Craters fend package Inyo Inn) u altbax too thin 
01 too dasp to he resolved, or la algal fir early 
displaced I row a position beneath the center ef tha 
Inf tread ring ftacturaa. 
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Research Drilling 
at Inyo Domes, 

Long Valley Caldera, 
California 

J . C. Eichelberger and 
p, C. Lysne 

Snndia National Laboratories, 

Albuquerque, NM 87J85 

L. W. Younker 

Lawrence Livermore National Laboratory , 

Livermore, CA 94550 

A 150-m hole has been coved through Obsidian Dome, and drilling is in progress 
to reach the conduit of Obsidian Dome and the dike believed to underlie die 
dome chain. 


Introduction 

While a great deal of at lent ion has been fo- 
cused on inferring conditions within deep 
magma reservoirs, much of the action in 
tenns of magmatic processes such ns degas- 
sing, explosive fragmentation, ant! iluid/inclt 
interaction occurs at depths of a few hundred 
mclcis to a few kilometers. Our uiu lei stand- 
ing of what happens to magma in this impor- 
tant suhvolcanic regime is primitive and in- 
consistent. Fur example, eruption models as- 
sume that magma is a chemically dosed 
system during ascent, but geochemical mod- 
els tacitly assume it is an open system (Inn 
only to HtO and perhaps a few oilier volatile 
components). Thermal models are well devel- 
oped but untested. The extent of magma/ 
walirock/riuid interaction is unknown. Vet we 
must understand the processes in this legitne 
not only to understand the mechanisms of 
explosive eruption and hydrothermal ciruda- 
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Fig. I. Clencralizcfl geologic map of 
the Inyo Chain and vicinity, showing loca- 
tions of cross sections. The three largest 
domes and the small dome on scrikni HI 
are thought to have erupted during the 
most recent event [AfiVfcr, 1983]. 
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Fig. 2. Cross section along tlic Inyo trend. The pcKiuldtcil tnyo Dike rear lies the surface 
nl Obsidian Dome, flic Glass Crerk Mow, and Dead man Dome and l lie near surface be- 
neath the conicni|>uraiiemis phreatic 1 raters. 


tion but to correctly interpret evidence of the 
deep pluionic conditions ns well. 

The only way to address these problems 
properly is by direct observation ol young 
suhvolcanic intrusions. Foi innately, much of 
the icquircd inl '01 nwtion tan he obtained 
with standard drilling and ti n ittg techniques 
at costs similar to surface geophysical oliser- 
vations. Samples and conditions in the intru- 
sive environment record the response of 
magma anil host to inpidly changed pressuie 
and temperamre cundiiioiis on a time and 
size stale that cannot lie duplicated experi- 
mentally. Among the unique kinds of (lain 
that drilling can provide are tcmpci Jlurcs in 
and near n cooling intrusion, composition til 
pristine intrusive glass representing magma 
quenched under known load, and die struc- 
ture ami composition of the intrusive portion 
of a system for width the eruption histoiv 
and eruption product turn posit imi aie well 
known. In the areas of iiiolIiuiiu jl cllceis of 
imrusion and mass iiausier Imiwccu magma 
ami host, (hilling can pi ■ wide a far highci 
quality of data ili.tu sampling ol exposed los- 
st) systems tin (>ligh iln- gcneralh greaiei toii- 
tiimity ol die seuion i.nnpled and ihe knowl- 
edge 1 I 1 . ii the inniisioii and its environment 
have been unaltered l«y siibseqiiem. unrelat- 
ed geologic cvems. 

A piogram ol research drilling has begun 
at the Inyo Doilies volcanic chain which cuts 
north-south across the northwest rim of Long 
Valiev Uildeu (Hgiiie It. I lie v-mugesl Ica- 
tures ol this chain (four magmaiic vents, at 
least six phreatic vents, and associated normal 
faults) are believed to lie the surface expres- 
sitm of a dike or system of dikes which is ai 
least 8 km long and was emplaced approxi- 
mately 600 years ago [Miller, 1983] (Figure 
2). During October 1983, a vertical 150-m 
hole was cored through Obsidian Dome, 
northernmost of the young magmatic venu. 
Work is now underway on a 800-m slam core 
hole to intersect the conditU which fed Obsid- 
ian Dome and a 1000-m slant core hole to in- 
tersect the Inyo Dike between Obsidian Dome 
and the Glass Creek Flow. Additional holes, 
both inside and outside the caldera, have 
been proposed for subsequent years. 

Both the drilling and supporting research 
arc funded by the Office of Basic Energy Sci- 
ences of the U.S. Department of Energy 
(DOE). As an investigation of processes of 
heat ami mass transport in an anomalously 
hot region of the earth’s crust, this effort rep- 
resents part of the national Continental Sci- 


Chapman Conference 


ctilific Drilling Program (GSI)P). Inyo drilling 
was initiated under n proposal for shallow 
drilling at Lung Valley, Valles Caldera, and 
Sal ton Sea submitted in DOE in 1983 by four 
DOE lain. The broader program described 
here is an outgrowth of die initial shallow 
drilling elfori am I resulted fiotn x proposal 
Mihinilied to l)()E in 19.34 by a t onvoi 1 in in 
consisting of three national lahuraiot iev. the 
U.S. Geological Survey, and live uni w critics. 
Piiniiipauis aie listed in Table- I. 

Scientific Objectives 

The Inyo rhuiii is pailicularly well suited 
lor research drilling for a number of reasons: 
(I) Although dike piopug.ilion is ihoiigln in 
be the dominant mode of magma mcivcnieiii 
in the sillivolcanii leg i me [I'ollnnl el ol, 

I9H3|. at very few sites ran (lie |insitiuii ol a 
young dike lie as well const ruined from sur- 
face evidciue as ;il Inyo Dollies. (2) As the 
most leicm lliYulilir mngmuiii cvciii ill die 
wcMem United States, die intrusion should 
lie neither thermally cijuilihraicd n»n die 
glass nl die imriisioii livd rated (3) Because 
the Imu C'Uain cuts across the smiciuvul 
liotnidan ol'llu* caldeu. the dike is umpkiccd 
in two cnhlr.isiiug eiivirmimcuis |ieriineni in 
comider.nion of cominemal vokuiiisin. One 
is dikk. porous, iieriueable. .uni waici -satu- 
rated vulcanic pile represented In die caldera 
fill. The other is silicic crystalline luseinem. 
re presell If' I In Sii-n.ui ^1 .mil i* n»h d 1 li 
nally, the dike is die nmM leceiil leak limn 
the evolving Lung Valley Caldera magnu sys- 
tem [Bailey el al.. 1983] and an accessible ana- 
log to intrusions which may be forming now 
at greater depth hencaili the scismically and 
tectonically active souihwesi caldera inoat and 
the resurgent dome [Henmuce, 1983]. 

The scientific objec lives for drilling die 
Inyo system are to characterize and compare 
the thermal, chemical, and mechanical behav- 
ior of magma in die contrasting environ- 
ments of caldera fill and crystalline basement. 
In discussing how these objectives are to be 
achieved, it is useful to consider the zones 
that should be penetrated by a core hole 
slanted into a conduit or dike. The intrusion 
itself should consist of an outer quenched 
glassy zone and a crystalline interior, while 
the host can be divided into a far-held undis- 
Irubed zone and a near-field disturbed or 
contact nielamorphic zone. The importance 
of sampling and analyzing the undisturbed 
host is that it represents initial, pre-intrusion 
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ennt I it ions. Tlic laiiuact nietninrirpliie zone 
rep rose ms host tu.ilcriai nJicrcd by the intru- 
sive event. Processes nimriluiting to these 
changes mny inchule dike pnipjg.tlion. rapid 
lii'ii ling hi high Terriijwt.iune, ami cin’iil.iiimi 
of hot lluiils uf iiuigiiunir or liii'lo u ic origin. 

'I lie next /one to Ik- eiiLOUiiteted will lie 
the ([Ueiiihed. glassy outer purl ion of (lie in- 
IniMun. This niiiierial is of s|u'ti.il mi|>iiri,uire 
Iivc.ium; it rettmU the Man- <4 the maguv.i in 
terms uf phase a.ssemhl.ige. phase luinpnsi. 
tiiui, .mil hulk coinposilioti iiulnding vohuih- 
timU'Hl at ihe lime uf intrusion. It will dill or 
iniUi miiIhlo .s,ii 1 1 1 lies licciiiise ii was 
ipieiulicil ivliile uudoi Mibsi-.inii.ii pi ensure 
and I nun die ipieiu lied margins ol exposed 
fossil inirusiniis liocaiive it is sitf lit iei ills 
yniing lh.il il has lieu hum Liuitainiii.iteil In 
meteoric water through live Irai inn. In let ms 
of gene lieinii ,il obsei vat inns, the ckita slioubl 
lie tniiip.iralile io wlial could be- gained In 
coring into an uiiive mugiiia IxuLy. 

As rhe drill penetrates deeper into ihe in- 
trusion ii will encounter uugm.uu- in.itetial 
which Limb'd more slowh. lviili the il-miIi ili.it 
liigliei rrvsi.il louteiil and lower glass (nrueiil 
should lie expet led. liuporuut hwtots t»»n- 
n nl ling (rsMalli/aliun behavjoi .in- liki-U in 
he letaincd iiugmaiii volatile tonient and 
cooling rate, and these will v.irs with tlepih 
and riisijiicc fioni (lie toni.iti. In order io 
gain iiiaxiiiumi infill million on hnutsimi ge- 
onictry and tiie char.iitcr of eacli z« me, 'holes 
S' ill In- |il. limed so as in loiiipk'U'Is peiiellan- 
tlieir ni.igiii.il ii i ,n gels. 

Perhaps the niosi basis nlisersaiions to lie 
made in the drill holes art- ilic ]insiii«in ,iin| 
orientation of iuinisicnis tel.uise to their sur- 
face vo lea n it. expression. The model to he 
tested, hut which we are confident enough 
about to use ns a basis lor siting die holes, i* 
that a long, near-vertical dike extends up- 
ward lo shallow depth (few hundred meters) 
and joins large-diameter conduits which con- 
tinue lo the surface at tlic magmatic vents 
[Miller, 1983; Fmk and Puitani, 1983]. In for- 
mat ion about the size and si rue ui re ol the 
dike and conduits will provide insights into 
the eniption process, since the eruption his- 
tory at the surface is well known. Likewise, 
surface geochemical data will be compared 
with composition of the intrusive portion of 
the system. It is usually assumed that, given 
sufficient care in sampling-, samples collected 
at the surface from eruption products are a 
faithful represent a lion of magma chemistry 
in the parent chamber, with die exception of 
gases lost during eruption. This concept, al- 
though universally used, has never been test- 
ed. Processes that may lead to differences be- 
tween the extruiive and intrusive portion or a 
system include vapor iranspon during degas- 
sing and magma- wall rock interaction. In ad- 
dition, batches of magma may remain un- 
changed during ascent, but tapping of a 
zoned chamber or mixing of magmas from 
different chambers may result in changing 
composition with lime during eruption and 
lead to differences betweecn the extrusive 
and intrusive portions of the sytem [Bailey el 
al. 1970, 1983], 

Another very’ basic observation to be made 
is temperature. High temperatures due ulti- 
mately to magmatic heat have been observed 
at depth in many areas but not where the 
hem could be attributed to a single, well-de- 
fined intrusive event. Observations of elevat- 
ed temperatures due to individual magmatic 
events are limited to extrusive bodies. Drilling 
the ‘Inyo system will provide an opportunity 
to directly observe the cooling process and to 
determine the relative roles of conduction 
arid convection in two environments uf con- 
trasting permeability. Calculations (J. C. 

Dunn, unpublished data, 1984) show that if 
: the dike Is 10 m or more wide and cooled ' 

' dominantly bv conduction, then nlagmaiic 
i heat will still be detected only a few hundred 
meters below* the top of the basement arid 
' will have diffused outward approximately 
500 m. ( 

Observation of retained magmatic volatile 
content in the glassy chit] zone will provide 
new information on how magmas degas/ 

Article (cant, on p. 723) 
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"Mind mid Mallei and Crucible" 
(OriRinallv appeared in The Groeheminl News, 9, 5, 


Editor: Unite l)uc, 1 1721 Diy River Cnnn. Res- 
lon. VA 82091 (telephone 703-800-3470. after r.;3U 
pm). 


Understanding 
Thermal Energy 
and Dynamic 
Processes 
in Subduction- 
Related Volcanic 
Arcs: Proposed 
Studies in the 
Cascades 

George R. Pries f mid David D. 
Blackwell 

The importance ui' sulxlud ion-related vol- 
canic arcs in die geologic record ami in the 
record of historic earthquake* and volcanic 
eruptions is hard to overstate. Sulxliiciion-re- 
lated terra ties appear to be represented in 
the geologic record from the Archeozoic to 
modern tunes and account for much of the 
world's volcanic activity. Convergent plate 
margins stretching for thousands of miles 
around the Pacific, the Caribbean, the Indian 
Ocean, and the Mediterranean have some of 
the most active volcanoes and largest geother- 
mal systems in the world. Many of die worlds 
largest hydrothermal ore deposits arc associ- 
ated with calc-alkaline magmas injected into 
the crust as a result of the subduction proc- 
ess. The enormous deposits in the Andes, In-, 
donesia, Japan, western North America, and 
other areas around the Pacific arc examples. 

The Cascade Range is the only presently 
active subduct ion-related volcanic arc in the 
conterminous United States. Active volcanoes 
related to the arc occur over a distance of 
over 1,300 km from British Columbia to 
northern California. The most destructive 
historic volcanic eruption in the United Slates 
occurred in L980 at Mount St. Helens in the 
Washington part of the range. Partly because 
of iis unique status, the Cascade Range is also 
one of the most completely studied volcanic 
arcs in the world. In spite of the extensive 
geologic and geophysical data available for 
the range, the detailed subsurface geology is 
essentially unknown because the thick se- 
quences of young volcanic rocks effectively 
mask deeper structures. The high porosity, 
permeability, and resistivity and die low seis- 
mic velocity of young volcanic rocks in the 
most active part of the arc make geophysical 
sounding very difficult. 

Geophysical technique* have been much 
more successful in the Western Cascades than 
in the ymmg volcanic rocks of the High 
Cascdc Range to the cast. The Western Cas- 
cade Range is Miocene ami older volcanic ter- 
raite which has been dfagcnctically and hy- 
dro thermally altered, greatly decreasing the 
porosity and permeability of the rocks. 

One of the most significant findings from 
studies of the Western Cascade Range is in 
t lie area of heat How. The results of heat flow 
measurements in numerous drill holes indi- 
cate that there is n heat flow anomaly with a 
half width of approximately 10 kilometers on 
the western side extending from northern 
California to southern British Columbia 
[Blackwell and Steele, 1 983]. Heat flow in- 
creases by as much as a factor or 2 or more 
across the western side of this anomaly, and 
the average geo thermal gradients within the 
main part of the anomaly in the Oregon Cas- 
cade Range are about 65°C/km [Blackwell el 
ai . i 1978, 1082). On (lie basis oF the interpre- 
tation of these data, it appears that tempera- 
tures appropriate far partial melting of gra- 
nitic material should occur at depths on the 
order of 7 to 10 kilometers under the east- . 


erninost part of Lite Western Cascade range 
in Oregon [Blackwell el al, 1978. 1982]. These 
depths arc similar to depths estimated for 
partially molten granitic bodies under silicic 
volcanic centers such as the Yellowstone, 
Long Valley, and Valles calderas. Tempera- 
tures nt equivalent depths beneath the High 
Cascade Range may be even higher, but thus 
fitr attempts to measure heat flow in the 
High Cascades have been thwarted by the 
rapidly circulating shallow groundwater 
which washes away heat flow in the carapace 
of young volcanic rocks. Lack of reliable heat 
Row data in the High Cascade Range is one 
of the principal reasons Lhat its geothermal 
resources are nut generally included in esti- 
mates of the accessible geothermal resource 
base fur the United States. If geothermal sys- 
tems arc present in a significant part of this 
enormous province, they could dwarf the 
geothermal potential estimated for the largest 
silicic volcanic centers in Lhe United States. 

Rationale for Scientific Deep 
Drilling in the Cascades 

The previously mentioned problems pre- 
sented by the cover of young volcanic rocks 
in the Cascades can only be solved by drilling. 
Experience in drilling in areas such as New- 
berry Volcano in Oregon has shown that drill 
holes must generally be I km or deeper in or- 
der to make meaningful measurements of 
heat flow in the youngest pan of the volcanic 
nrc. Drill holes dcqtcr than 1 km are almost 
completely lacking in the young volcanic 
racks of the High Cascades. Drilling to 
depths of 7-10 kin would be necessary in or- 
der to lest directly the hypothesis that tem- 
peratures near the melting point of granitic 
rocks occur at those depths. Should this hy- 
pothesis prove to be correct, it would have 
enormous consequences for estimates of geo- 
thermal jjoletuiitf and for physical models of 
subduction- related volcanic arcs throughout 
the world. It would mean lhat regional zones 
or very high temperature, possibly molten 
rock, occur at relatively shallow crustal levels 
under the entire length of active arcs regard- 
less of the presence or absence of single large 
volcanoes. Measurements in drill holes in the 
Cascades would allow calibration of the ex- 
tensive surface geological and geophysical 
surveys, which could then he applied to oth- 
er. less well-sLudied areas of the world. The 
drilling program would thus test a funda- 
mental hypothesis and provide a standard 
data base fur investigating other similar re- 
gions throughout the world. 

Program for Scientific 
Drilling in the Cascades 

In recognition of the need for deep scien- 
tific drilling in the Cascades, a group of sci- 
entists who are actively pursuing research in 
the province have met several times to for- 
mulate a proposal. An initial meeting was 
held at the AGU conference in San Francisco 
last December, and a proposal is now in 
preparation for submission in early 1985. 

The thrust of the proposed project will be a 
coordinated program of drilling and surface 
geological and geophysical surveys along a se- 
ries of east-west transects across the full width 
°f the Cascade Range. The drilling will occur 
primarily in the young volcanic terrane of the 
High Cascades and will be completed in two 
phases. The bulk of the drilling during the 
first phase will be aimed at reaching depths 
of between 1.2 and 2.7 km in two transects of 
four wells each across two contrasting parts 
of the arc. Some surface surveys and shal- 
lower drilling are also contemplated during 
the first phase to characterize two lower-pn- 
ority easi-west transects. The four transects 
are targeted on the southern Washington 
Cascade*, two localities in the central Oregon 
Cascade Range, and the northern California 
Cascades. The first phase would allow direct 
testing and modeling of the hydrothermal 
systems, measurement of the amplitude of 
the heal flow anomaly in the High Cascades, 
and direct sampling of basement rocks to de- 
(ermine the structure, state of stress, and oth- 
er physical properties. The first phase will 
also include geologic mapping and a full 
range of geophysical surveys across both the 
High Cascades and the Western Cascades to 
investigate the overall geologic framework of 
the arc, including the configuration of the 
subducting oceanic plate and the develop- 
ment or the arc through lime. The second 
phase would be aimeu at directly penetrating 
the source of the regional heat flow anomaly 
at depths 0 r 7-10 km. The second phase 
would be an extraordinary scientific and cn- 
glncenng accomplishment and would neces- 
sarily be preceded by a lengthy period of re- 
search and development. Whereas the pro- 
posal currently being prepared deal* 
conceptually with the second phase, only 
work on the first phase will be addressed in 
(he initial proposal. 

Tlie extensive knowledge gained Tram the 
proposed research in the Cascade Range will 
when integrated with similar data from the 
proposed Trans-Alaska Lithosphere Investi- 
gation (TALI), give an accurate representa- 


tion of the configuration of the major su- 
budeting plates and associated vokanism 
along the western margin of North America. 
TALI was recently organized by the U.S. 
Geological Survey and other groups to plan 
for drilling and areal studies along a north- 
south transect 1,400 km long across the full 
width of Alaska. 

This article is partly intended as an an- 
nouncement to alert various funding agencies 
and potential colleagues to the existence of 
the organizing group for Cascade scientific 
drilling. We invite participation from other 
scientists at this lime or in the future as tiie 
activities become more specific. A proposal 
submission is planned for January or Febru- 
ary 1985. If you are interested in participat- 
ing in this project, you can obtain general in- 
formation ana information on Oregon geo- 
logic studies from George R. Priest at the 
Oregon Department of Geology and Mineral 
Industries, 1005 Slate Office Building, Port- 
land, Oregon 97201 (telephone: 503-229- 
5580). The following persons are coordinat- 
ing other aspects of the project: 

Hydrology: Edward S. Sam met, U.S. Geological Sur- 
vey, 345 Middlefield Road, M/S 39, Menlo Park, 
CA 94023. 

Water Chemistry; Robert H. Mariner, U.S. Geologi- 
cal Survey, 345 Middlefield Road, M/S 27, Menlo 
Park, CA 94025. 

Hydrothermal Alteration, Geologic Studies in the 
Northern California Cascades: Terry E. C. Keith. 
U.S. Geological Survey, M/5 910, Branch or Igne- 
ous and Geothermal Processes, 345 Middlefield 
Road, Menlo Park. CA 94025. 

All Work in the Southern Washington Cascades: 
Craig Weaver, U.S. Geological Survey, Geophysics 
Program AK-50, University of Washington, Seat- 
tle. WA 98195. 

Heal Flow: David D. Blackwell, Geothermal Labora- 
tory, 253 Hcroy Building, Southern Methodist 
University, Dallas, TX 75276. 

Seismic Surveys: Walter Mooney, Douglas A. 
Staubcr, and Mahadeva Iyer. U.S. Geological Sur- 
vey, M/S 77, 345 Middlefield Ruad, Menlo Park, 
CA 94025. 

Gravity and Aeiomagnctic Surveys: Richard Couch, 
Department of Geophysics, School of Oceanogra- 
phy, Oregon State University, Corvallis, OR 
97331. 

Magneiclluric Surveys: Harvc Wail. Department of 
Geology. University of Oregon. Eugene, OR 
97403. 

Resistivity anti Other Electrical Surveys: Norman 
Goldstein, Lawrence Berkeley Laboratory, Uni- 
versity of California. Building 50, Room 1 140. 
Berkeley, CA 94720. 

Well Logging: Richard I nteger, Sand'ia National 
Laboratory. Division 6241, Albuquerque, NM 
87185. 
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Citation 

Lionel Wilson (Department of Environ-; ! 
mental Sciences, University of Lancaster, En- 
gland) has brought pfiysfes to volcanology!' : 
and transformed; a largely descriptive and 
petrological science by development of a;-j :r ; 


quantitative and predictive understanding of 
eruption dynamics. Lionel’s involvement in 
volcanology started in 1971 when he helped 
George Walker determine the rates of fall 0 f 
pyrodasts. This fairly simple problem led to 
questions of settling of' ash particles onto the 
earth, and Lionel embarked on a series of pa- 

E ers that progressively traced volcanic debris 
ack to its suu rcc crater. He described the 
physical processes affecting pyrodasts in 
strombolian and plininu eruptions, and with 
Steve Sparks anil othera modeled the forma- 
tion (1976) and emplacement (1978) of ig- 
iiinibritcs by gravitational collapse of an erup- 
tion column. In a [taper impnriam to under- 
standing the dispersal of icphra. Lionel and 
others demonstrated that eruption cloud 
heights are proportional to the fourth root of 
the mass eruption rate of magma (1978), 
leading ultimately to the inversion of the 
problem to deduce cloud height and associat- 
ed eruption characteristics from mapped 
icphra distributions. The correctness and 
utility of Lionel’s theoretical descriptions of 
explosive activity were demonstrated by a se- 
ries of papers applying the models to actual 
eruptions at Fttego, Guatemala (1980), Ngait- 
ruhoe, New Zealand (1979), Li Soufriere, St. 
Vincent (1982), and St. Helens, Washington 
(1982), as well as to tephra deposits aL Askja, 
Iceland (1981), Toluca, Mexicn (1977), and 
Thera, Greece (1978), 

During the last few years, Lionel has 
turned his attention to volcanism in other 
pans of the solar system. Working with Jim 
Head and associates, Lionel derived mathe- 
matical models of the ascent and emplace- 
ment or basaltic magmas and applied these 
ideas successively to earth and moon (1981), 

Mars (1982), lo (1982), and Venus (1982). A 
good summary paper appears in Nature 
(302,(363-669, 1983). The planetary work 
represents a testing and application of his 
models of pyroclastic dynamics to new envi- 
ronments and also the development of similar 
quantitative understanding of lava How 
dynamics. Lionel and Jint Head thus were 
able to numerically account for peculiar fea- 
tures of lunar sinuous rilles and associated 
source craters (1981). On Mars, Lionel and 
coworkers discovered evidence for letent ex- 
plosive activity on one of the shield volcanoes, 
and derived the cloud height, mass eruption 
rale, vulntilc content, anil depth or magma 
storage (1982). Fur Venus, there is no direct 
evidence or tire nature of volcanism, although 
chemical analyses of surface materials atul 
geouiurpliolugy give persuasive evidence for 
past volcanic activity. However, Lionel's nu- 
merical models of explosive activity, adjusted 
to the high temperature and pressure of Ve- 
nus, provide clues to possible vulcanic pro- 
cesses and landrnrms seen on radar images. 
Lionel found lhat energetic eruptions on lo 
can be modeled if large proportions of vola- 
tiles are erupted at high eruption rates 
(1981). 

Lionel Wilson lias produced a series of ma- 
jor papers that numerically model nearly all 
aspects or erupt ion processes. l-Iis collabora- 
tion with leading volcanologisis and planetary 
geologists has ensured that his models are 
geologically reasonable and widely accepted. 

As the third winner of the VGP Award. 

Lionel Wilson provides further evidence for 
the successful application of fundamental 
physical, chemical, and mathematical princi- 
ples to die understanding of geophysical and 
geochemical processes. (I am indebted toC, 

A. Wood for most of this citation.) 

Joseph V. Smith 

Acceptance 

I am very grateful for your kind remark* 
about my work. Professor Smith. When I 
look at the field of volcanology, I see it with 
the eyes — and thought processes— of some- 
one whose first interest was in basic physic* 
rather than geology. The question of how we 
look at things — how we approach problems— 
ha* always intrigued ine. 1 wonder jf we arc 
attracted to a particular scientific diadpj' ne 
a result of our personal way of perceiving the 
world, or if we choose the discipline for some 
other reason and are then molded by the cW* 
rent conventions of that field. I would like w 
think it is the former, since the later has the ■ ' 
inherent danger of suppressing new way* 01 
thinking; but I am still not sure. . : 

Many physicists— including me — look ■( Ul 
world in terms of simple processes. I recall 
one* sitting on a cliff top overlooking * ** ■ 
terfall with a friend who was reading mauie* .. 
malies. Just to be provocative I said to her, , 
"When you look at this waterfall, whatm*** 1, 
eats you most? Is it die way energy 
lion determines the speed of the wateral , 
bottom in terms of the height of the . " • 

it the way the geometry oF the system deter- • 
mines where the rainbow forms in the spray, 
dr what?” I expected a response like,. “* oU ■ 
physicist* are: all the same: Why. don't 
predate it just because' it’s a beautifvu 
But Instead she looked down and thought 
a moment and said, ‘‘Don’t you. lbbik.,a.;V^V^ 

.fall Js too complex just to. apply * >. 

servadon? You 1 really need. the fulr.nutd : ^j,rifj.;-i ; 
dynamics 'equation to treat i problem 
, tnat.” $liice then,: I.havefeJt 
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aouui me way puysiLisis see me world 
Soon after I was graduated, I realized that 
it is much more interesting to work un ap- 
plied problems limn purely lheorciic.il ones- 
this led me toward geophysics in gene, al and 
quite soon into volcanology as the major 
theme of my research. I would certainly like 
to suppat t the coin men is you made earlier 
Professor Smith, about the importance or iii e 
interdisciplinary nature ol ilic Held, needing 
as it does input from many brandies of geol- 
og)’- physics, and Hint hematics. I would also 
stress that as in other areas of earth science, 
we get a lot of extra information by viewing 
the earth as just one of a gr oup of silicate 
planets. Studying eruptions on lo .. r Mars or 
the moon allows its to see the consequences 

nf events Inkincr nl:irr in »„ui» - ... 


- p . . , " . ,i *vq ucil CCS 

of events taking place m environments with 
different values for the gravity or atmospher- 
ic pressure, and litis is just a way of applying 
the classic technique of changing th c bound- 

arviYiTiHiiinni niw) cmIhit I .. . 


i, i t - uoti un- 
ary conditions and seeing how the system re- 
sponds. I certainly feel that we should all be 
trying to expose our graduate students to the 
multi-planet data seL as well as to the multi- 
disciplinary approaches we have found so es- 
sential. 

For those c»r us who, like me, did nut have 
the benefit or all or these inputs during our 
early, formative years, the must dliciciit way 
of working involves collaboration with col- 
leagues who have complementary back- 
grounds to our own, and 1 would like to i m 
tribute to my geological friends whose field ' 
experience and intuition help to keep me 
from wandering into the realms of lamasy 
too often. I have particularly bcncliticd from 
collaboration over many years with the scien- 
tists Professor Smith mentioned earlier: 

George Walker at Hawaii. Steve Sparks at 
Cambridge, and Jim Head at Brown. | would 
also like to mention the invaluable support I 
receive from my wife, Dorothy. She .fid n't 
make it to this meeting unfortunaielv; she 
found herself choosing between ruining to 
Cincinnati or spending fi weeks helping m e in 
Hawaii m the summer, and sirangch ami by 
a very small margin of rourse, Hawaii won. 

Her background is not in science, as it lum- 
pens, and so she is willing to listen without in- 
terrupung for far longer than anyone |>eie in 


outrageous ideas R.„ i, - "'V more 

to the people I have .• K 3 ? real ^P- So, 
provide stimulating Sand C ° mmUe 

Lionel Wilson 

Call for Contributions 

Ti?VGPN line r 01 ^ January 1985 issue of 
IkJ. ii N ls Novei nber 30. 1984 Please 
submit all contributions to Bruce Doe 

of TI^”rp r N al “ ?‘ l if d “ infom lh ' editor 
on wliat lypes of boot, a „d any tptSficX- 


Meetings 


Will be covered: (1) characterization of atomic 
sues by various spectroscopic and crystallo- 
graphic techniques; (2) the relations between 
atomic vibrational properties and spectro- 
scopic properties; (3) calculation of Lhermo- 
dynanuc properties from spectroscopic prop- 
erties; (4) sysiematics or thermodynamic 
properties of minerals, including crystal- 
chemical constraints on free energies, pfmse 
transitions. hcaL capacities and entropies, sol- 
id solution effects, and isotopic fractionation. 
Authors are contributing examples of worked 
problems wit It their articles which will appear 
as a volume in the MSA series Reviews in Min- 
eralogy. 

The short course will consist of three 
morning lectures, two afternoon or evening 
lectures, and an evening workshop between 
Friday morning, May 24 and Sunday noon. 
May 26. 

For further information, write to either 
(but not both) of the organizers: Alexandra 
Navrotsky. Department of Chemistry, Arizo- 
na State University, Tempe, AZ 85287; Susan 
W. Kieffer, U.S. Geological Survey, Flagstaff, 
AZ 86001. 
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Microscopic 
to Macroscopic 

The Mincralogical Society of America will 
sponsor a short course entitled "Micmsconic- 

Th° PlC: 1‘° mic Envilo "mfnis to P 

Mineral Thermodynamics" before die 1985 
annual Spring AGU meeting. An Jdi „ m . 
posium of invited and contributed related re- 

fnn? C '-fh 1 * 6 ? 5 he he,d 31 AGU in 

SKfcSSTaf be “ 

nf P l ake R rS/ai L [h ° rS f ° r lhc a,lorl mune are 
(Han ' 3rd); Rq 8" Bums 
bri.lr. 9 ar P r e,ller ‘Cambridge); Su- 
brata C.hose (Umv. of Washington); Robert 

fBerkH ? C ? ,yS ' ^ Ra > >m ^d jeanlnz 
(Berkeley ); Susan Kieffer (USGS. Hagstaff); 

MC 5 ° n,, ® l ( l (Cambridge): Paul Mc- 
Millan [Artz. Slate Univ.); Alexandra Nav- 
rotsky (Anz. Sale Univ.). The following topics 

Article teant. from p. 72 h 

Through solubility data lor various volatile 
sjRTies, vapor pressure nt the time the system 
Uieinit ally rinsed can I* interred from vola- 
tile concern Coinpaied with the 

known InltiHtaik load. sampling chill 
/ones at muliijJe depths, tlie pressure (dentli) 
dependence of degassing behaviur ran be de- 
ter mined. Altemaiivelv. if no degassing n t -- 
Lttis except l>\ explosive Irtiginemation, vola- 
tile content will lie independent of depth. For 
magma under lithostaiic load at 1000 m. the 
solubility of water in melt is an order of mag- 
nit tide higher than water contents observed 
ill Obsidian Dome. Although it might be ex- 
pected that degassing would result in water 
contents near the solubility curve, in fact 
equilibration with surface conditions (0.1 
MPa) extends to at least 100 m (2 MPa) [Ei- 
rkrlbergn and Reece, 1983). While tiegassing to 
I tit unisphcrc water vapor pressure is certain- 
ly not expected to extend tr» depths of 500 or 
10C1U in, glasses at these depths may be sub- 
stantially water mule rsntu rated (at magmatic 
lent petal tire) if rite magma liehaves during 
ascent as a stiff, permeable foam. 

The problem of dike cut placement will be 
investigated in detail. Fracture experiments 
will be used in characterize current conditions 
in the vicinity of Lite dike in terms of joint c 

nricimuion mid stress orientation and niagni- t 
mile. Evidence for the mechanism of dike f 
pro|Kignlion is provided by fractures and oth- i 
cr mechanical damage near thc dike. Predic- j 
lions of fracture distribution from existing c 
dike propagation models ( Pollani el al., 1983) \ 

can be compared with actua] fractures c 

mapped from core examination and bore r 
hole televiewer studies, which may also reveal e 
pathways or fluid flow relevant to the geo- d 
chemical and thermal investigations. g 

Processes of mass transport within the dike h 
and bcLween the dike and its host will be in- u 
vest iga ted largely through trace element and n 
isotopic techniques. The isotopic composition h 
of oxygen and hydrogen is a sensitive Indica- &| 
tor to processes involving water, such as mag- d 


Phreatomagmatic 

Eruptions 


Special sessions on " Pit rea to magmatic 
Eruptions and the Role of Water in Explosive 
Volcanism" are being held at the Internation- 
al Volcanological Congress, Auckiand-Hamil- 
lon-Roioiua, New Zealand, February 1-9, 
1986. In association with the Congress, dtere 
will be a special issue of a genii igii-dt/gei ipliys- 
leal journal dedirated lu this topic; editing 
duties for the special issue are in he shared 
by convenors of tlie Congress and the IAV- 
CEI Working Group oil Explosive Vulcan ism. 

Papers submitted for publiruiirm in the 
special issue should follow Bulletin Wifraiiuhigi- 
que format and must be carefully edited lie- 
fore submission lor review. Manuscripts will 
be sent out fni review, refereed, and final 
drafts collected by the special editors before 
submission in a journal. In addition to publi- 
cation in ajriuriiul, thc luial drafts will be 
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copied and c i re u lured al the Congress. 

Editors are Bruce Houghton, New Zealand 
Geological Survey, P.O. Box 499, Knioruu, 
New Zealand; Kenneth Wohlcu, Los Alamos 
Nuiiuiial Laboratory, nut 17462, Los Alamos, 
N. M. 87545; Giant lleikeii. U»s Alamos Na- 
tional Laburauit v. in.! 1)462, Los Alamos. N. 
M. 87545. 

The deadline for manuscripts from aiichois 
in editors for processing and review is July I, 
1985. 


malic degassing and interaction between me- 
teoric water and magma [c.g., Taylui «■/ «/.. 
1983). The isotopic ouiirnsi Irciivccii .Sierra 
basement and Invo magma [nr Sr and 9b isn- 
topes will provide a sensitive test ol tlie ex- 
tent of assimilation |e.g.. Dae etui.. 1*169: Lip- 
man tt al., 1978). The glassy margin of the in- 
iriisiun represents magma subjected to an 
extreme temperature gradient and provides 
an "pin, mums to test cur rent ideas about 
thermally driven diffusion (Soiet effect) and 
its role in development of highly evolved silic- 
ic magmas by looking for gradient! in rate 
earth element conceit tra linn. 

Finally, the holes will be used to test and 
refine application of geophysical techniques 
lu volcanic terraues. Deep drilling in the 
CSDP thermal regimes effort will rely heavily 
an geophysics for definition of magmatic tar- 
gets. yet these techniques are largely untested 
due to limited drilling of magmatic features. 
Both electrical and seismic reflection surveys 
will be run across tlie dike Lrend inside and 
outside the caldera. Results will be compared 
with "ground truth” from the core holes. 

Program Evolution 

Intersecting a subsurface intrusion with a 
drill hole is not a trivial problem, however 
unambiguous the surface evidence. There- 
fore, the drilling program will be developed 
with holes of increasing depth, cost, and tar- 
get complexity so that results from each hole 
can be used in design of the subsequent hole. 
Work tvas initiated outside the caldera be- 
cause of ease of access and target definition, 
relative conceptual simplicity of the geologic 
environment, favorable drilling conditions 
due to expected hole stability in granite, and 
greater likelihood of encountering residual 
heat from the intrusion a, shallow depth due 
to expected low permeability of the environ- 
ment. Work within the caldera is planned to 
iag work in thc northern part of the chain by 
approximately 1 year. Table 2 shows current 
drilling plans, which are. of course, subject to 


re visit hi based oil drilling results and lunding 
constraints. Tire |M<.sciH iirojcu will tiilnii- 
inire witli two riei'p (3-kiu ) hides into the 
dike, one inside and one mitsiile the r.ildeia. 
Tlie more immediate gu.il is in imerseti die 
Obsidian Dome conduit anil the mu diet n 
part ni iJie dike at approximate!* the 500- 
aml |(ii)0-iii levels, respectively. In the re- 
mainder of this section, we describe the coui- 
[ilrlcd 1‘iU-m Obsidian 1 rut tie hole .iihI die 
conduit and dike holes which are in progress 
The lirst hole was conceived as u relatively 
low-cost shallow vertical hole to investigate 
structure and chemistry of the Obsidian 
Dome. The hole was also intended to address 
the problems of wire line diamond coring in 
the flow and underlying stratigraphy in order 
to design properly the later, more expensive 
holes. A site near the southern distal end of 
the How was chosen because the second hole 
will penetrate a proximal section of the flow 
before intersecting tlie conduit. Comparison 
of the How sections sampled by these two 
holes will permit investigation of the effects 
of surface flowngo on flow structure, bubble 
growth or collapse, and degassing, and of 
changes in magma chemistry with time. A 
truck-mounted wire line diamond core rig of 
the type commonly used in hard rock mining 
was employed. Coring was required to meet 
the scientific objectives of the bole. Further, 
conventional rotary drilling that relies on re- 
turn fluid flow to bring cuttings lo the sur- 
face would have been impossible in the highly 
fractured dome. Boyles Brothers of Reno 
spudded the hole on October 20, 1983, and 
completed it on November 4 at a total depth 
of 152 m. The hole was cared NC (93-mm di- 
ameter) to 124 m, cased NX to 122 ni, and 
then cored NX (78-mn») to 152 m. Surpris- 
ingly, little difficulty was encountered pene- 
trating' Obsidian Dome, and recovery aver- 
aged 9(H£ (dose to 100 % in the unfractured 
interior), even though drilling proceeded 
without circulation. The cost was about $1 70/ 
m of which J30/m was drilling fluid. The 
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Institution 


TABLE 1. Institutions and Investigators Currently Involved in the Inyo Drilling Program 

Investigators 


^ Inyo Dpirtfs, 


Lawrence Berkeley Laboratory 
Lawrence Livermore National Laboratory 

Lop Alamo? National Laboratory 1 ' 
Sandia National Laboratories ,’ - . 

U.S. Geological' Survey, ‘ . ' v :. 

Arizona State University . ' ' 

Brown Unlveraity’ . > ; • . 

: Michigan Stale University • : . Jk 

Stanford Univertity / "v 


A. F. White 1 . 

. N- R. Burkhart!, 

P. W.'Kasameyer 
L. W. Younkerj_ 

J.N. Albright, F. E. Goff 
H. D. Murjjhy 
t R. Carrignn, J. C. Duhrt, 
j. C! Eichelberger, !• . 
' i T. M. Gerlach, P. C. Lra/re 
R.A. Bailey, GiD, Miller 
. • ■ 1 j. H. Fink" : • : ■!• ■ ; 

J. F. Herjrignce ' 

. ' T. A. Vogel j -j-. 

D.D. PpiJard 



Sianfofd Univcfaity ; y vb.i& T aylor. j; ' 

Canadian Geological : ! , .> i - 

- SurveJ 1 \ : '' ' 1 ,1 • r - 

’ *Combi/t : ^l iiaV * h4 * n . W 


Investigations 

fluid geochemistry 
seismic reflection, 
ihermal/cheihical 
relationships 
fnic luring experiment* 

volatile geochemistry, : 
:.lliermal ntotleUng 

petrology/geochemist rjr 
structure 

elecl Irq magnetic survey 
thermal/chemlcal • , 

,rela lion Ships 
Strticiure 

H, C, 0 isotopes " 
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“Mind and Mallei and Crucible'' 
fOriRiunll) appeared in The Georhemital Kern. 9, 5, 
1938.] 


ernmosi part of the Western Cascade range 
in Oregon [BlackueU ft ah, 1978, 1982]. These 
depths arc similar to depths estimated for 
partially molten granitic bodies under silicic 
volcanic centers such as die Yellowstone, 
Long Valley, and Valles calderas. Tempera- 
tures a) equivalent depths bencadi the High 
Cascade Range may be even higher, but thus 
far attempts to measure heat How in the 
High Cascades have been thwarted by the 
rapidly circulating shallow groundwater 
which washes away heal Row in the carapace 
of young volcanic rocks. Lack of reliable heat 
flow data in the High Cascade Range is one 
of the principal reasons that iis geothermal 
resources arc not generally included in esti- 
mates of the accessible geothermal resource 
base for the United Slates. If geothermal sys- 
tems are present in a significant isari of this 
enormous province, they could dwarf the 
geothermal potential estimated for the largest 
silicic volcanic centers in the United States. 


Eililiir: Biucc Doe. 117!?1 Ury River Conn. Res- Rationale fol* Scientific Deep 
ton, VA 2209 1 (tclenlwnc 7(13-800.3470. after 5:3(1 ", ^ Y 

pin t. Drilling in the Cascades 


Understanding 
Thermal Energy 
and Dynamic 
Processes 
in Subduction- 
Related Volcanic 
Arcs: Proposed 
Studies in the 
Cascades 


George ll, Priest and David D. 
Blackwell 


The importance ol' subdue lion-related vol- 
canic arcs in the geologic record and in die 
record of historic earthquakes and volcanic 
eruptions is hard to overstate. Subduct ion- re- 
lated terra ties appear to be represented in 
the geologic record from the Archeozoic to 
modern limes and account for much or the 
world's volcanic activity. Convergent plate 
margins stretching for thousands of miles 
around the Pacific, the Caribbean, the Indian 
Ocean, and the Mediterranean have some of 
the most active volcanoes and largest geother- 
mal systems in the world. Many of the world's 
largest hydrothermal ore deposits are associ- 
ated with calc-alkaline magmas injected into 
the crust as a result of the subduction proc- 
ess. The enormous deposits in the Andes, In-, 
donesia, japan, western North America, and 
other areas around the Pacific are examples. 

The Cascade Range is the only presently 
active subduct ion -related volcanic arc in the 
conterminous United States. Active volcanoes 
related to the arc occur over a distance or 
over 1,300 km from British Columbia to 
northern California. The most destructive 
historic volcanic eruption in the United States 
occurred in 1980 at Mount St. Helens in the 
Washington part of the range. Partly because 
of its unique status, the Cascade Range is also 
one of the most completely studied volcanic 
arcs in the world. In spite of the extensive 
geologic and geophysical data available for 


the ranee, the detailed subsurface geology is 
essentially unknown because the thick se- 


essentiaily unknown because the thick se- 
quences of young volcanic rocks effectively 


mask deeper structures. The high porosity, 
permeability, and resistivity and the low seis- 


mic velocity of young volcanic racks in the 
most active pan of the arc make geophysical 


the average geothermal gradients within (he 
main part ot the anomaly in the Oregon Cas- 
cade Range arc about G5°C/kni [Blackwell it 


Tlte previously mentioned problems pre- 
sented by the cover of young volcanic rocks 


in the Cascades can only be solved by drilling. 
Experience in drilling in areas such as New- 
berry Volcano in Oregon has shown that drill 
holes must generally be I km or deeper in or- 
der to make meaningful measurements of 
heat flow in the youngest pari uf the volcanic 
arc. Drill holes deeper than l km arc almost 
completely lacking in the young volcanic 
rocks of the High Cascades. Drilling tu 
depths of 7-10 km would be necessary in or- 
der to test directly the hypothesis that tem- 
peratures near the niching point of granitic 
rocks occur at those depths. Should this hy- 
pothesis prove to be correct, it would have 


enormous consequences for estimates of geo- 
thermal potential and for physical models of 


thermal potential and for physical models of 
subduct ion-related volcanic arcs throughout 
the world. Il would mean that regional zones 
or very high temperature, possibly molten 
rock, occur at relatively shallow crustal levels 
under the entire length of active arcs regard- 
less of die presence nr absence of single large 
volcanoes Measurements in drill holes in the 
Cascades would allow calibration of the ex- 
tensive surface geological and geophysical 
surveys, which could then be applied to oili- 
er, less well-studied areas of the world. The 
drilling program would thus test a funda- 
mental hypothesis and provide a standard 
data base for investigating other similar re- 
gions throughout the world. 


Program for Scientific 
Drilling in the Cascades 


In recognition or the need for deep scien- 
tific drilling in the Cascades, a group of sci- 
entists who are actively pursuing research in 
the province have met several limes to for- 
mulate a proposal. An initial meeting was 
held at the AGU conference in San Francisco 
Iasi December, and a proposal is now in 
preparation for submission in early 1 985. 

The thrust of the proposed project will be a 
coordinated program of drilling and surface 
geological and geophysical surveys along a se- 
ries of east-west transects across the full width 
of the Cascade Range. The drilling will occur 
primarily in the young volcanic terrane of the 
High Cascades and will be completed in two 


phases. The bulk of the drilling during the 
first phase will be aimed at reaching dernhs 


sounding very difficult. 

Geophysical techniques have been much 
more successful in the Western Cascades than 
in the young volcanic rocks of the High 
Cased e Range to I lie cast. The Western Cas- 
cade Range is Miocene and older volcanic ter- 
rane which lias been t liugcii cl i cully and hy- 
dio thermally altered, greatly decreasing the 
porosity and permeability of the rocks. 

One of the most significant findings from 
studies of the Western Cascade Range is in 
the area of heat flow’. The results of neat flow 
measurements in numerous drill liulcs indi- 
cate thin there is a heat flow anomaly with a 
half width of approximately Hi kilometers on 
the western side extending from northern 
California to southern British Columbia 
[Blackwell and Steele, 1983]. Heat How in- 
creases by as much as a factor of 2 or more 
across the western side of this anomaly, and 


first phase will be aimed at reaching depths 
of between 1.2 and 2.7 km in two transects of 
four wells each across two contrasting parts 
of the arc. Some surface surveys and shal- 
lower drilling are also contemplated during 
the first phase to characterize two lower-pri- 
ority east-west transects. The four transects 
are targeted on the southern Washington 
Cascades, two localities in the central Oregon 
Cascade Range, and the northern California 
Cascades. The first phase would allow direct 
testing and modeling of die hydrothermal 


systems, measurement or the amplitude of 
die heat flow anomaly in the Hitrh Cawnde 


the heal flow anomaly in the High Cascades, 
and direct sampling or basement rocks to de- 
termine the structure, state of stress, and oth- 
er physical properties. The first phase will 
also include geologic mapping and a full 


range of geophysical surveys across both the 
High Cascades and the Western Cascades to 


investigate die overall geologic framework of 
the arc, including the configuration of the 
subducting oceanic plate and the develop- 
ment of the arc through time. The second 
phase would be aimed at directly penetrating 
the source uf die regional heal flow anomaly 


at depths of 7-10 km. The second phase 
would be an extraordinary scientific and en 


gin ee ring accomplishment and would neces- 


sarily be preceded by a lengthy period of re- 
search and development. Whereas the pro- 
posal currently being prepared deals 
conceptually with the second phase, only 
work on the first phase will be addressed in 


al, 1978, 1982]. On the basis of die interpre- 
tation of these data, it appears that tempera- 
tures appropriate Tor partial melting of gra- 
,' nilic material should occur at depths on the 
order of 7 to 10 kilometers under the cast- 


iron of the configuration of the major su- 
bu dciing plates and associated volcanism _ 
along the western margin of North America. 
TALI was recently organized by the U.S. 
Geological Survey and other groups to plan 
for drilling and areal studies along a north- 
south transect 1 ,400 km long across die full 
width of Alaska. 

This article is partly intended as an an- 
nouncement LO alert various funding agencies 
and potential colleagues to the existence of 
the organizing group for Cascade scientific 
drilling. We invite participation from other 
scientists at this lime or in the future as the 
activities become more specific. A proposal 
submission is planned for January or Febru- 
ary 1985. If you are interested in participat- 
ing in this project, you can obtain general in- 
formation and information on Oregon geo- 
logic studies from George R. Priest at the 
Oregon Department of Geology and Mineral 
Industries, 1005 State Office Building, Port- 
land, Oregon 97201 (telephone: 503-229- 
5580). The following persons are coordinat- 
ing oLher aspects of the project: 


Hydrology: Edward S. Sammel, U.S. Geological Sur- 
vey. 345 Middlefield Road, M/S 39, Menlo Park, 
CA 94025. 


Water Chemistry: Robert H. Mariner, U.S. Geologi- 
cal Survey, 345 Middlefield Road, M/S 27, Menlo 


Park. CA 94025. 

Hydrothermal Alteration, Geologic Studies in the 
Northern California Cascades: Terry L. C. Keith, 
U.S. Geological Survey, M/S 910, Branch of Igne- 
ous and Geothermal Processes, 345 Middlefield 
Road, Menlo Park, CA 94025. 

All Work in the Southern Washington Cascades: 
Craig Weaver, U.S. Geological Survey, Geophysics 
Program AK-50, University of Washington, Seat- 
tle. WA 98195. 

Heat Flow: David D. Blackwell, Geothermal Labora- 


tory, 253 Hcroy Building, Southern Methodist 
University, Dallas. TX 75275. 


Seismic Surveys: Walter Mooney, Douglas A. 
Stauber. and Mahadcva Iyer. U.S. Geological Sur- 
vey, M/S 77, 345 Middlefield Road, Menlo Park, 
CA 94025. 

Gravity and Aeromagnetic Surveys: Richard Couch, 
Department of Geophysics. School of Oceanogra- 
phy, Oregon Slate University. Corvallis, OR 
97331. 

Magneivlluric Surveys: Harvc Waff, Department of 
Geology , University of Oregon. Eugene. OR 
97403. 

Resistivity and Other Electrical Surveys: Norman 
Goldstein, Lawrence Berkeley Laboratory, Uni- 
versity of California, Building 50, Room 1 140. 
Berkeley. CA 94720. 

Well Logging: Richard Tracgcr, Sandia National 
Laboratory, Division 024 1 , Albtimicrouc. NM 
87185. 
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quantitative and predictive understanding of 
erupt it »n dynamics. Lionel's involvement in 
volcanology started in 1971 when lie helped 


George R. Priest is u'ilh the Department of Ge- 
ology and Geophysics, Southern Methodist Univer- 
sity, Dallas, TX 75275. David D. Blackwell is 
with the Oregon Department of Geology and Min- 
eral Industries, Portland, OR 77201. 



Ihe initial proposal. 

The extensive knowledge gained from the 
proposed research in the Cascade Range will, 
when integrated with simitar data from the 
proposed Trans- Alaska Lithosphere lnvesti- 
gation;(TAL|), give an accurate reprcsenla- 


Gcorgc Walker determine the rates of fall or 
pyvoclasis. This fairly simple problem led to 


questions or settling of ash particles onto ihe 
earth, anti Lionel embarked on a series nf na 


earth, anti Lionel embarked on a series of pa- 
pers that progressively traced vulcanic debris 
back to its source crater. He described die 
physical processes affecting pyruclasls in 
strombolinn and plinkm eruptions, and with 
Steve Sparks and others modeled the forma- 
tion (1976) and emplacement (1978) of ig. 
nimbriics by gravitational collapse of an erup- 
tion column, lit a paper important to under- 
standing the dispersal of lcpltra, Lionel and 
others dcttionsi rated that eruption cloud 
heights are proportional to the fourth root of 
the mass eruption rate of magma (1978), 
leading ultimately in the inversion of the 
problem to deduce cloud height and associat- 
ed eruption characteristics from mapped 
tephra distributions. Tlte correctness and 
utility of Lionel's theoretical descriptions of 
explosive activity were demonstrated by a se- 
ries of papers applying the models id actual 
eruptions at Fucgo, Guatemala (1980), Ngau* 
ruhoc. New Zealand (1979), La Soufriere, St. 
Vincent (1982), and St. Helens, Washington 
(1982), as well as to tephra deposits at Askja, 
Iceland (1981), Toluca, Mexico (1977), and 
Thera, Greece (1978). 

During the last few years, Lionel lias 
turned his attention to volcanisnt in other 
parts of the solar system. Working with Jim 
Head and associates, Lionel derived mathe- 


matical models of the ascent and emplace- 
ment of basaltic maRinas and applied then 


mem of basaltic magmas and applied these 
ideas successively to earth and moon (1981), 
Mars (1982). lo (H182), and Venus (1982). A 
good summary paper appears in Nature 
(302, 663-669. 1983). The planetary work 
represents a testing and application of his 
models of pyroclastic dynamics to new envi- 
ronments and also the development of similar 


ronmenls anil also me development ot s 

a uantiinlive understanding of lava How 
vnamics. Lionel and lim Head thus we 


dynamics. Lionel and Jim Head thus were 
able to numerically account for peculiar fea- 
tures of lunar sinuous rilles and associated 
source craters (1981). On Mats. Lionel and 
coworkers discovered evidence Tor recent ex- 
plosive activity on one nf the shield volcanoes, 
and derived the cloud height, mass eruption 
rate, volatile content, and depth of magma 
storage (1982). For Venus, there is no direct 
evidence of the nature ol volcanism. although 
chemical analyses of sm face materials and 
geoiuurpholngy give persuasive evidence for 
past volcanic activity. However, Lionel's nu- 
merical models of explosive activity, adjusted 
to die high temperature and pressure ol Ve- 
nus. provide dues to possible volcanic pro- 
cesses and landforuis seen on radar images. 
Lionel found that energetic eruptions on lo 
can be modeled if large proportions of vola- 
tiles arc erupted at high cruptiou rates 
(1981). 

Lionel Wilson has produced a scries or ma- 
jor papers (hut minicrirally model nearly all 
aspects of eruption processes. I Iis collabora- 
tion with leading volcanologists and planetary 
geologists has ensured tlini his models arc 
geologically reasonable and widely accepted. 

As the third winner of the VGP Award, 
Lionel Wilson provides further evidence for 
the successful application of fundamental 
physical, chemical, and mathematical P r ' ncl ". 
pics to the understanding of geophysical aim 
geochemical processes. (1 am indebted to G. 
A. Wood for most of this citation.) 


Joseph V. Smith 


Acceptance 


Lionel Wilson 
Wins VGP Award 


I am very grateful for your kind remarks 
about my work, Professor Smith. When I 


about my work, Professor Smith, wnen 
look at tne field of volcanology, I see 11 Min 

• ... - —C fmnP- 


the eyes — and thought processes-^ jj 0,r ! f 


one whose first interest was in basic phys** 
rather than geology. The question of how v 
look at things — how we approach probteniP- 
has always intrigued me. I wonder if we ar 
attracted to a particular scientific discipline 
a result of our personal way of perceiving 
world, or if we choose the discipline for so 
other reason and are then molded by the 
rent conventions of that field. I would 
think it is the former, since the later has 
inherent danger of suppressing new ways 
thinking; but I am still noi sure. ^ 

Many physicists— including me — look a 
world in terms of simple processes. I r®®*. 
once aitdng on a cliff top overlooking a wa- 
terfall with a Friend who was reading oj ■ 
matics. Just to be .provocative I said to ne ■ : 
“When you look at this waterfall, wnat w 
ests you most? Is it the way energy conse . 
lion determines the speed of the waterw ■ 
bottom in terms of the height of the 
it the way die geometry of the system 0 . 

mines where the rainbow forms ^ V 
or what?” I expected a resppnse like* * ■ : 
physicists are all the same: Why don j 
predate it just because it’s a' beautiful w. . 
But instead she looked down and th ^ oU °jj er ^ 
a moment Jmd said, "Don't you think a - ■ 
fall is too complex just to applfcn^S) •• 
servadon? You really need the full 'flu*. 

i : • ' i i „ Mvshlrm like’. . ■ 


Citation 

, Lionel Wilson (Department of Environ- ' 
mental Sciences, Unhrefsjjiy of Lancaster, En- 
gland) has brought physics to volcanology, 
and transformed a largely, desdiptive and 

petrological science by development of a , 


servadon? 


dynamics equation to ‘treat a problem l 

that." Since then, I have fdt ipuch, 


i 
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about the way physicists see the world. 

Soon after I was graduated, I realized that 
it is much more interesting to work on ap- 
plied problems than purely theoretical ones; 
this led me toward geophysics in general and 
quite soon into volcanology as (lie major 
theme of my research. 1 would certainly like 
to support the comments you made earlier. 
Professor Smith, about the importance of the 
interdisciplinary nature of the field, needing 
as it does input, from many brandies of geol- 
ogy, physics, and mathematics. [ would also 
stress that as in other areas of earth science, 
we geL a lot of extra information by viewing 
the earth as just one of a group of silicate 
planets. Studying eruptions on lo or Mars or 
ihe moon allows us to see the consequences 
of events taking place in environments with 
different values lor the gravity or atmospher- 
ic pressure, and this is just a way of applying 
[he classic technique of changing the bound- 
ary conditions and seeing how the system re- 
sponds. I certainly feel that we should all be 
trying to expose ouv graduate students to the 
multi-planet data set as well as to the multi- 
disciplinary approaches we have found so es- 
sential. 

For Lhose of us who. like tnc, did nut have 
the benefit of all of these inputs during our 
early, formative years, the most efficient way 
of working involves collaboration with col- 
leagues who have complementary back- 
grounds to our own, and I would like to pay 
tribute to my geological friends whose Held 
experience and intuition help to keep me 
from wandering into the realms of fantasy 
too often. I have particularly bencluted from 
collaboration over many years with the scien- 
tists Professor Smith mentioned earlier: 
George Walker at Hawaii, Steve Sparks at 
Cambridge, and Jim Head at Brown. 1 would 
also like to mention the invaluable support 1 
receive from my wife, Dorothy. She ciidn't 
make it to this meeting unfortunately; she 
found herself choosing between coming to 
Cincinnati or spending 6 weeks helping me in 
Hawaii in the summer, and strangely and by 
a very small margin of corn sc, Hawaii won. 
Her background is not in science, as il hap- 
pens, and so she is willing in listen without in- 
terrupting for far longer than anyone lies e in 
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the audience would do to some of my more 
outrageous ideas. But having listened, she al- 
ways tells me when something sounds like un- 
mitigated nonsense, which is a great help. So. 
tu the people 1 have mentioned specifically, 
to the many other colleagues who continue to 
pravule stimulating ideas and constructive 
criticism, and to all of you for your kindness 
in presenting me with this award, my urateful 
thanks. B 

Lionel Wilson 

Gall for Contributions 

The deadline for the January 1985 issue uf 
The VGP News is November 30, 1984. Please 
submit all contributions to Bruce Doe. 

Readers are also asked to inform the editor 
of The VGP News if they are interested in re- 
viewing any recently published books. Input 
on what types of books and any specific sug- 
gestions for which books should be reviewed 
are also welcome. 


Meetings 

Microscopic 
to Macroscopic 

The Mineralogical Society of America will 
sponsor a short course entitled “Microscopic- 
lo-Macroscopic: Atomic Environments to 
Mineral Thermodynamics" before the 1985 
annual Spring AGU meeting. An all-day sym- 
posium of invited and contributed related re- 
search papers will be held at AGU in Balti- 
more. The short course will be at Washington 
College, Chestertown, Md. 

Speakers/auihors for the short course are 
Charles Burnham (Harvard); Roger Burns 
(MIT); Michael Carpenter (Cambridge); Su- 
brala Gliose (Univ. of Washington): Robert 
Hazen (Geophys. Lab.); Raymond Jeanloz 
(Berkeley): Susan Kieffer (USGS. Flagstaff); 
Desmond McConnell (Cambridge): Paul Mc- 
Millan (Ariz. State Univ.); Alexandra Nav* 
rcitskv (Ariz. Sate Univ.). The following topics 


Article ttunt. from p. 72/1 

Through solubility data lor various volatile 
species, vapor pressure .it ihe time the system 
chemical!) closed can lie inferred from vola- 
tile concentration and compared with the 
known liihfisiuiic load. By sampling chill 
zones ,<t multiple depths, the pressure (depth) 
dependence uf degassing behavior can be de- 
termined. Alternatively, if no degassing or- 
uivs except by explosive Iragmenvaduii, sola- 
tile content will be independent of depth. For 
magma uiidei liiliostatic load at 1000 m, the 
solubility of water in melt is an order of mag- 
nitude higher than water contents observed 
in Obsidian Dome. Although it might be ex- 
pected (hat degassing would result in water 
cuitlctus near die solubility curve, in fact 
equilibration with surface conditions (■).! 

Ml’;i) extends to at leasi 100 ni (2 MPa) [£/- 
chelbergn and Uecte, 1983). While degassing to 
I atmosphere water vapor pressure is certain- 
ly not ex|>rcicil lo extend to depths of 500 or 
1000 ni, glasses at these depths may be sub- 
stantially water lindcnaiiirated (at magmatic 
temperature) if the magma behaves during 
ascent as a stiff, permeable foam. 

The problem or dike emplacement will be 
investigated in detail. Fracture experiments 
will be used to characterize current conditions 
in the vicinity of the dike in terms or joint 
orientation and stress orientation and magni- 
tude. Evidence for the mechanism of dike 
propagation is provided by fractures and oth- 
er mechanical damage near the dike. Predic- 
tions of fracture distribution from existing 
dike propagation models (Pollard el al„ 1983) 
can be compared with actual fractures 
mapped from core examination and bore 
hole televiewer studies, which may also reveal 
pathways of fluid flow relevant to the geo- 
chemical and thermal investigations. 

Processes of mass transport within the dike 
and between the dike and its host will be in- 
vestigated largely through trace element and 
isotopic techniques. The isotopic composition 
of oxygen and hydrogen is a sensitive Indica- 
tor to processes involving water, such as mag- 


will he covered: (1) characterization of atomic 
sites by various spectroscopic and crystallo- 
graphic techniques; (2) the relations between 
atomic vibrational properties and spectro- 
scopic properties: (3) calculation of thermu- 
dynamic properties from spectroscopic prop- 
erties; (4) systematics of thermodynamic 
properties of minerals, including crystal- 
chemical constraints on free energies, phase 
transitions, heat capacities and entropies, sol- 
id solution effects, and isotopic fractionation. 
Authors are contributing examples of worked 
problems with their articles which will appear 
as a volume in the MSA series Revieios hi Min- 
eralogy. 

The short course will consist of three 
morning lectures, two afternoon or evening 
lectures, and an evening workshop between 
Friday morning, May 24 and Sunday noon. 
May 26. 

For further information, write lo either 
(but not hot h) of the organizers: Alexandra 
Navrotsky. Department of Chemistry, Arizo- 
na State University, Tempe, AZ 85287; Susan 
W. Kieffer. U.S. Geological Survey, Flagstaff, 
AZ 86001. 


Phreatomagmatic 

Eruptions 

Special sessions on *' Phreatomagmatic 
Eruptions and the Role of Water in Explosive 
Volcanism" are being held at the Internation- 
al Volcanologic.il Congress, Auckland- Hamil- 
ton- Rotorua, New Zealand, February 1-9, 
1986. In association with the Congress, there 
will be a special issue nf a geological/gcn phys- 
ical journal dedicated to this topic; editing 
duties for die special issue are lo l>e shared 
by convenors of die Congress and the lAV- 
CEI Working Group on Explosive Volcanism. 

Papers submitted for publication in the 
special issue should follow Bulletin Voltumlogi- 
que format anti mtisi be carefully edited lie- 
fore submission for review. Manuscripts will 
be sent out for review, refereed, and filial 
drafts collected by (lie special ecliluis before 
submission to a journal. In addition in publi- 
cation in a journal, the final drafts will lie 


malic degassing and interaction between me- 
teoric water and magma (e.g.. Tn\loi et ni. 
19831- The isutnpic contrast between Sierra 
iKisemcnt and Inyo magma for Sr and Pb iso- 
topes will provide a sensitive lest ol [lie ex- 
tern of assimilation |e.g., Dot et al., 1969: Lip- 
man il al, 1978]. The glassy margin nf the in- 
trusion represents magma subjected to an 
extreme temperature gradient and provides 
an opportunity to teiicuirem uleas ,Uh»ui 
thermally driven diffusion (Sore l effect) and 
iis rule in development of highly evolved silic- 
ic magmas by looking for gradients in rare 
earth element concentration. 

Finally, the holes will be used io test and 
refine application of geophysical techniques 
to volcanic irrranes. Deep drilling in the 
CSDP thermal regimes effort will rely heavily 
on geophysics for definition of magmatic tar- 
gets. yet these techniques arc largely untested 
due to limited drilling of magmatic features. 
Both electrical and seismic reflection surveys 
will be run across the dike trend inside and 
outside the caldera. Results will be compared 
with “ground truth" from the core holes. 

Program Evolution 

Intersecting a subsurface intrusion with a 
drill hole is not a trivial problem, however 
unambiguous the surface evidence. There- 
fore, the drilling program will be developed 
with holes of increasing depth, cost, and tar- 
get complexity so that remits from each hole 
can be used in design of the subsequent hole. 
Work was initiated outside the caldera be- 
cause of ease of access and target definition, 
relative conceptual simplicity of the (geologic 
environment, favorable drilling conditions 
due to expected hole stability m granite, and 

S reater likelihood of encountering residual 
eat from the intrusion at shallow depth due 
to expected low permeability of the environ- 
ment. Work within the caldera is planned to 
lag work in the northern part of the chain by 
approximately l year. Table 2 shows current 
drilling plans, which are, of course, subject to 
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M. 87545. 
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lo editors for processing and review is ]ulv l, 
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revision based on drilling lcsulis and Inn ding 
constraints The pi-c.scni project will culmi- 
nate with two deep » 3-kni) holes into the 
dike, one inside and one outside flic CiiMer.i. 
The more iiniucdiule goal is iu intersect ilw 
Obsidian Dome conduit and the northern 
pan of the dike sir approximately die 5D*>- 
and lOUti-m levels, respectively. In the re- 
mainder of this section, we describe die com- 
pleted L'ai-iii i llisvli.m Udine hole .md the 
conduit ami dike holes width are in progress. 

The lirst hole was conceived ns a iel.it ivcls 
low-cosi shallow vertical hole to investigate 
structure and chemistry or tlte Obsidian 
Dome. Tlte bote was also intended to address 
the problems uf wire line diamond coring in 
the How and underlying stratigraphy in order 
to design properly the later, more expensive 
holes. A site near the souther n distal ettd of 
the flow was chosen because the second hole 
will pet tc l rate a proximal section of the flow 
before intersecting ihe conduit Comparison 
of the flow sections sampled by these two 
holes will permit investigation of die effects 
of surface fiowage on flow structure, bubble 
growth or collapse, and degassing, and of 
changes in magma chemistry with time. A 
truck- mounted wire line diamond core rig of 
the type commonly used in ban! rock mining 
was employed. Coring was rcot tired to meet 
the scientific objectives or the hole. Further, 
conventional rotary drilling that relies on re- 
turn fluid How to brin^ cuttings to the sur- 
face would have been impossible in the highly 
fractured dome. Boyles Brothers of Reno 
spudded the hole on October 20, 1983, and 
completed it on November 4 at a total depth 
of 152 m. The hole was cored NO (93- mm di- 
ameter) to 124 m, cased NX to 122 m, and 
then cored NX (76-mni) to 152 m. Surpris- 
ingly, little difficulty was encountered pene- 
trating - Obsidian Dome, and recovery aver- 
aged 00% (close to 100% in ihe unfractured 
interior), even though drilling proceeded 
without circulation. The cost was about $170/ 
m uf which $36/m was drilling fluid. The 

Article (coni, on p. 724) 


TABLE 1. Institutions and Investigators Currently Involved in the Inyo Drilling Program 


Institution 


Lawrence Berkeley Laboratory . 
Lawrence Livermore National Laboratory 


Los Alamos National laboratory 

Sandia National Laboratories ■ 

UiS. Geological Survey ; . 

Arizona State Urtiverslty ... 

Brown Univenhy ; ; ! . • . , , 

Michigan State University. .. . 

Stanford Univeraity v • , 

Canadian Geological ■ 

.Shr vcy • : •/ , ’■ I • ‘ -^r 

iSSSiwdriUing proposal 


Investigators 

A. F. White 
N. R. Burkltard, • 

P: W. Kasanteyer 

L. VV. Younker 

J, N. Albright, F. E. Goff 

H. D; Murphy 

C. R. Carrigan, J. C. Dunn, 

J. C. Eichelberger, 

T. M. Gerlach, P. C. Ljrsne . 
R. A. Bailey, C,D. Milter 
J. H. Fink 

j: F. Heriithnce . ' ; . 

T. A. Vogel 

, D. D. Pollard 1 
,B. E. Taylor ... 

. “ • ■ 1 ; - - 

interagency Inyo proppsal. 


Investigations 

fluid geochemistry 
seismic reflection, 
thernial/chcmical 
relationships 
fracturing experiments 

volatile geochemistry, 
thermal modeling 

petrology/gcoclie rpi si ry 
structure ■ 

electromagnetic survey 
therinpUdhemical 
relationships 
structure 
H, C, O isotopes 
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DOES YOUR 


tectonics? 


tectonics is an international 
scientific journal, sharply focused on 
Interdisciplinary tectonic research. 

Why should your library subscribe 
to tectonics ? Quite simply because It 
is the bast journal In the field. 

Published bimonthly as a cooperative 
effort between the American Geophysical 
Union and the European Geophysical 
Society, each Issue of tectonics con- 
tains original contributions In analytical, 
synthetic, and integrative tectonics. 

tectonics deserves a plaoe In the 
library or your institution or organization. 
This authoritative Journal offers: 

■ hlgh-impaci original articles 

■ extensive foldouts of maps and 
structural diagrams 

■ stringent refereeing standards, 
ensuring publication of superior 
papers 

■ Immediate access to the leading 
edge of tectonic research 

■ absolute resource lor scientists 
and students involved in regional 
geology, structure, tectonics, and 
hard-rock geology 



To begin a subscription or to establish 
a standing order lor thla aeries, 
have your librarian: 

CALL: BOO-424 -2488 
(202) 462-6003 (local DC area or 
outside the contiguous USA) 

WRITE: American Geophysical Union 
2000 Florida Avenue, NW 
Washington, D.C. 20009 


Article (rant, from p. 723) 

only significant drilling problem was an un- 
stable hole in die non welded Bishop Tuff, 
which eventually necessitated casing. The 
hole terminated in precaldera andesite. Major 
scientific results concerning the How were ab- 
sence or a basal vesicular zone postulated 
from surface observation s{[Fi'h A, 1983]; a 
coarsely vesicular zone was encountered at 
14.5—2 1 .5 m), evidence of nearly complete 
degassing to one atmosphere water vapor 
pressure [Eichelberger and West rich, 19841, and 
large variations in concentration of certain 
trace elements (H. W. Stockman and H. R. 
West rich, unpublished data. 1984). These re- 
sults will be reported in a subsequent techni- 
cal papeT. Of interest here is that the linle 
demonstrated the practicality of small coring 
rigs as u research tool for prnhing the Inyu 
environment. 

Plans for the conduit and dike holes arc 
based on these results and are shown sche- 


matically in Figures 3 and 4. Both holes are 
being drilled liy Ton to Drilling Company of 
Salt Lake City, Utah. The primary objective 
of the conduit hole is to provide the first 
samples of the intrusive portion of die Inyo 
system at its iiiosl easily accessible point. At 
the projected depth of intersection of the 
conduit of 450 m, significant differences 
from surface samples in terms of degassing 
and crystallization behavior should already be 
apparent. Additional important observations 
will be the size and structure of the conduit 
anti the nonvolatile chemical composition rel- 
ative to teplira and How samples. 

The position of the conduit is well ex- 
pressed topographically by the vent region of 
the flow. The vent region is a 500 X 800-nt 
area of smooth, vertically projecting spines 
which is elongate along the trend or the Inyo 
chain and rises 50 m above the general flow 
surface. The drill site is a bulldozed area 
witliin a pumice claim on the flow just west of 
the vent region. Advantages of this site are 
ease of access Tor equipment and favorable 
geometry for intersecting the conduit from 
the side by a slant hole. A hole Trout a more 
central location in the vent area might simply 
travel down the funnel-shaped vent without 
intersecting the quenched margin. A more 
distant hole would be more expensive and 
might miss the target altogether. On the basis 
of observations of exposed fossil conduits, the 
target is expected to be large (>100 m), par- 
ticularly in the north-south direction, relative 
to possible lateral deviation of the hole. Cor- 
ing of the entire hole is planned, and the 
hole should be completed by late summer. 

With the exception of being slanted, the 
hole into the conduit of Obsidian Dome (Fig- 
ure 3) should be similar in last year’s vertical 
hole. Since the conduit hole is deeper, the 
initial hole size will be larger, thus allowing 
fur more casing steps should they be re- 
quired. A Bureau or Land Management per- 
mit requirement for drilling in geothermal 
areas is that a casing be set nL least at 10% of 
the final hole depth or at 61 m (200 H) in this 
case. After installation and testing or blow- 
out-preventer equipment, coring ahead will 
continue through the andesitic flows at a hole 
diameter of 96 mm. A second string or casing 
may be set when granite basement is reached. 

IT the hole is stable through the granite and 
conduit material, the remaining hole will be 
open and will be 76 mm in diameter. Two 
additional coring steps are possible should 
the hole piove to be unstable. 

The dike hole will be spudded immediately 
following completion nr die conduit hole. 

This hole will formally begin the interagency 
Inyo effort and will involve the full range ol 
scientific investigations outlined earlier in this 
aitide. The hole will be sited near Class 
Creek, where there is the closest spacing of 
Inyo vents. The site lies between Obsidian 
Dume and the Glass Creek Flow and just east 
of two phreatic explosion craters and one 
small cratered dame (Figures I and 4). Be- 
cause the dike is expected to be near vertical 
and trend north-south, the hole will be slant- 
ed in the cast-west plane so as to laterally tra- 
verse the expected zone of intrusion. If the 
dike is inclined, it most likely dips to the east 
as the nearby Sicrran frontal fault (Hartley 
Springs) (lips to (he east. Therefore the cho- 
sen drill site is easl of the expected dike posi- 
tion, and the hole will dip to the west. The 
strongest local alignment of features, and 
therefore the best indication of the position 
of the underlying dike segment, is formed by 
a phreatic crater (which we will call Dry Cra- 
ter) elongated north-south and located just 
south of Glass Creek; a presumed crater in- 
tersected by the first hole; a long, narrow 
ridge or spines extending southward from 
the main vent area of Obsidian Dome; and 
die central depression of the vent area. Hole 
geometry has been chosen so that the mid- 
point or the hole will pass directly under Dry 
Crater and penetrate the HarUey Springs 
Fault at a point down dip from the small 
dome which erupted on the fault. An upper 
limit on the dip of the fault is taken lo be 
80°E (R. A. Bailey, unpublished data, 1984), 
and the hole will be designed to reach the 
fault in this worst case. The hale should thus 
intersect structures related in at least one and 
possibly two phrentic craters, one magmatic 
vent, and a major, active tectonic feature. 

The design or the dike hole is similar to the 
conduit hole, except that core will not be tak- 
en in the first ~I50 m. 


TABLE 2. Inyo Research Holes 


Year 

Glass Creek Area 
(Outside Caldera) 

Dead man- Inyo Area 
(Inside Caldera) 

1983 

(completed) 

1984 
(in 

progress) 

1985 

150 in vertical core bole. 
Obsidian Dome 
600 m slant core, 
Obsidian Dome conduit 
1000 m slam core, 
dike al Glass Creek 
two 500 m temperature 

1000 m slant core, 

(proposed) 

gradient holes near 
dike 

dike 

1980 

one 150 in seismic observa- 
tion hole for Fracture 
experiments 

. two 500 m temperature 

19$7 

3 km hole 

gradient holes near 
dike 

1988 

. • • . 

3 km hole 
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Fig. 3. Cross section II, showing plans for the conduit Hole. Hole sizes are P = 123 
mm, H « 96 mm, N = 76 mm. Conduit posiiiun is inferred From topography on the dome, 
and conduit size is inferred from fossil analogs. Q is Inyo teplira, colluvium, and Bishop 
Tuff. Tv is andesitic flows and cinders. KJg is dominantly gninodiorite and quartz monzo- 
nile. Depth lo basement (KJg) is not known, bill expected lo be shallow. 
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Fig. ■/. Cross section III, showing plans for dike hole. Intrusive ion figuration is specula- 
tive, but the hole must pass between vents and the main intrusion. C ruler names are infor- 
mal. Wei crater (doited) is 200 in north of die section plane. 


The dike hole is scheduled For completion 
in fall 1984. Results of core and borehole in- 
vestigations will be used to site ail array of 
shallow hales for seismic and Further tem- 
perature observations and to plan a similar 
experiment inside the caldera. 

Borehole Logging and 
Instrumentation 

The standard suite oflogs (electric, nucle- 
ar, sonic, and temperature) logs will be run 
on the conduit and dike wells. In addition, 
the holes will be surveyed to accurately locate 
the conduit and dike as well as to provide in- 
put data for borehole to surface and borehole 
to borehole geophysical experiments. Owing 
to the size of the hole, slim hole logging tools 
(-50 mm) will be required. Also, the tools 
will have to be calibrated to obtain rock pa- 
rameters (porosity, density, etc.) from the 
measured values of resistivity, neutron, and 
gamma transport parameters and sonic veloc- 
ities. In addition to this work, some nonstan- 
dard downhole measurements will be made, 
and three are mentioned below. 

A knowledge of the in situ stress is re- 
quired to generate models for the intrusion 
of magma into overlying rocks. If hole condi- 
tions permit, classical hydraulic fracture tech- 
niques can be used to determine these pa- 
rameters. However, the traditional assump- 
tion that the maximum principal stress is 
vertical is not likely to be valid in Uie vicinity 
of the dike. Thus a combination of experi- 
ments will be performed. They include an ac- 
curate calipering of the hole using a borehole 
televiewer and a monitoring of the strain re- 
lief of oriented core specimens. Both of these 
techniques have been demonstrated in recent 
work [Belt and Gough. 1983; Teufel, 1983]. 

Triaxial gcophones will be cemented into 
outlying shallow holes (Table 2) to monitor 
acoustic emission due to fracture propagation 
during two different fluid injection experi- 
ments. The first experiment involves injec- 
tion of dilute acid into the well in order lo in- 
duce slippage of preexisting stressd joints. 
This will permit mapping of joint orientation 
in the vicinity of the dike well beyond the 
bpre hole. The second experiment, men- 
tioned previously, involves observation of the 
orientation or fractures fanned during injec- 
tion of fluids at high pressure, and hence the 
orientation Of the present stress field hear the 
dike: 

A significant contrast in resistivity may exist 
between' the dike and its surroundings] The 
dike may be significantly less resistive than ■ 
the crystalline basement if it js porous dye to 
vesiculamy or thermally -induced' fractures., . 


Similarly, high fracture density in the base- 
ment adjacent m the dike may make the vi- 
cinity nf the dike less resistive than the far 
field. The downhole electrical experiment 
will consist of a vertical magnetic induction 
coil used in conjunct inn with an active source 
at the surface, it allows dctemiinarion of for- 
mation to surface electrical resistivities away 
from the borehole and will be useful foi both 
calibrating stnTiicc to siufacc electrical mea- 
surements and fur "strip ping-off" the effect 
of siirficial geology from the signatures of 
deeper structures. In addition, a mint Iter of 
vertical profiles will lie run in each drill h°’ c 
for a variety or different source field loca- 
tions and configuraiious. This allows dis- 
crimination among the effects from struc- 
tures to the side of the drill hole, the lorn 13 ' 
lion itseir, and sn uclurcs below the drill hole. 

Opportunities for Additional 
Investigations 

Although the effort outlined here is a 
broad, interdisciplinary program, it does not 
address every aspect of the subvolcanic Inyo 
environment. Investigators interested in uti- 
lizing the core or borehole in their research 
are encouraged to communicate with one o 
the authors of this report. 

Author’s Note 

The conduit of Obsidian Dome was inter- 
sected at a slant depth of 487 m on Septem- 
ber 6. 
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5 Htghiand, California. 

Fink I h ' lL 94 ' 3fi 2-380. 1983. 
rink, j. H„ and D. D. Pollard. Ground cracks 

stracn r' °r af geolhermal Premia! (ab- 
stract). Eos Trans. AGU, 64, 898. 1983 
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T. A. Steven, Petrologic evolution of the 
Sau jtian volcanic field, southwestern Colo- 
rado: Pb and Sr isotopic evidence. Gtol. Soc. 
Am. Bull., 89, 59-82, 1978. 

Miller. C. D., Chronology of Holocene erup- 
UOI15 at the Inyo volcanic chain, California 
n it £ “ Tra,a ■ AGV ' 64 • 90 °. 1983. 

P °i a ?'i?' P" P ’7* Dclan ey. W. A. Du (field. 

j 7 - and A. T. Okainura, Surface 
detormanon in volcanic lift zones. Tectano- 
phystes, 94, 541-585. 1983. 

Shaw. H. R Diffusion of H 3 0 in Granitic Liq- 
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Taylor. B. E.. J. C. Ekltelbergcr, and H. R. 
West rich, Hydrogen isotope evidence of 
rhyolitic magma degassing during shallow 
intrusion and eruptions, Nature, 30f>, 54 I- 
545. 1983. 

Tuefel, L. W., Determination of in situ stress 
from an elastic strain recovery measure- 
ment of oriented cone, Pap. 11649, Dtp. of 
Energy. Denver. Colo.. 1983. 

John Eichelberger reeehvd his BS and MS de- 
grees in Earth Sciences from the Massachusetts In- 
stitute if Technology in 1971 and his Ph.D. in Ge- 
ology from Stanford University in 1914. Prior to 
hu employment at Saudia National Laboratories in 
1979, he worked a l the Los Alamos National Labor- 
atory as a staff member in the Geosciences Group. 
The current focus aj Ins research at Sandia is on 
the volatile content af volcanic materials and the 
role of volatiles in magmatic ewluiitm and erup- 
tion. In addition to the Inyo program, he has 
participated in the drilling nctivi ties at Kilauea Iki, 
Newberry Caldera, mid Tondpah Test Range. 

Peter Lysne received his BA from Grinnell Col- 
lege in 1961. He then attended Arizona Slate Uni- 


versity, which granted him first a NASA trainee- 
ship and then a Ph.D. in Physics in 1966. Past ac- 
tivities have included research in thermodynamics 
as applied to the constitutiiv relations of solids and 
litjvids at very high pressure and the cooidination 
0 ] geological and geophysical field projects, from 
which he learned that those 10/10 spend night * on 
drilling rigs must possess a sense of humor. Cur- 
rent research activities deal with neutron logging 
techniques and the rleetrual constitutive relations 
of inhomogeeous materials. 

Lcland W. Younker u a Group Leader at the 
Earth Sciences Department of Lawrence Livermore 
National Laboratory. He u currently involved in 
research on the n>cl nt ion of high-level silicic sys- 
tems at bath Inyo Domes and southern Nevada m 
part of the Office of Basic Energy Sciences CSDP 
project. Earlier projects at Lawrence Livermore in- 
cluded modeling the Sfilton Sea hydrothermal ivs- 
tem. developing remote geophysical techniques for 
monitoring subsurface fluid movement in geother- 
mal systems, and acting as a support geologist for 
seismic verification of unclear test ban compliance. 
He received his Ph.D. in Geology from Michigan 
State Univeisity in 1974. 



Grading Acid 
Rain Research 

The growing concern willi the environ- 
mental effects of acid rain has spawned a 
number of study groups in recent years, and 
now the Office of Science and Technology 
Policy (OSTP) has released what is essentially 
a study of a study. In January 1982, WhiLe 
House Science Advisor George Keyword) 
asked William Nierenberg, Director of the 
Scripps Institution of Oceanography, and a 
panel of nine scientists lo conduct a peer re- 
view of three separate reports on acid deposi- 
tion in eastern North America that had been 
turned in by U.S.-Canadian scientific working 
groups. 

Those studies had been requisitioned by a 
1980 Memorandum of Intent between the 
United States and Canada regarding trans- 
boundary air pollution. Overall, the Nieren- 
berg peer review panel was "impressed with 
(lie efforts of the United Stiiics-Caiiadiaii 
Working Groups," (labeled Group* I. 2, and 
3B), but it also found problems. While ap- 
plauding Llie work groups' exhaustive search 
through the acid rain literature, the Nieren- 
berg panel cited what they call an “nvenlc- 
pendence on ‘sort’ literature," or writings 
such as in-house repmis and pcrsim.il tuin- 
munications, which arc outside the publicly 
available (and carefully scrutinized) laxly of 
scientific literature. 

Each one of the work groups, the |>ancl l>c- 
Iteves, could have improved its report. Group 
reviewed a “huge amouuL of data. . .hut its 
message was weakened considerably because 
11 did not comply with its In udii mental charge 
jo examine squarely the strength of the link 
between acid deposition and chemical and 
biological ecological changes." Because the 
group was unable to agree 011 a figure for 
concentrations of sulfates in Iresh water lakes 
and streams below which die water could be 
considered safe (rom harm hi I effects, the 
icrenberg mud recommends that they re- 
nrene to develop a “preliminary target 
oadmg until hcitcr target loading values are 
inr. ir *4 ttin * t,ul “ ll,c present loading 

noluT ?! 18 100 and lluu a target load- 
ing should be set." 

The problem with Group 2's report, ao- 
™7 n g “ a,c panel, is that they depended 
Mvily on transport models to deduce 


the relative importances of local and distant 
sources of sulfur in air and in deposition. It is 
still too early to rely on the scientific validity 
or these models, says the Nierenberg panel, 
at the expense of '‘traditional scientific ap- 
proaches. Work Group 3B, on the other 
hand, "presented a large amount or data on 
emissions, control techniques and costs, but 
enclosed it in a report which is dilhrult to 
read and harder still to interpret." 

The Nierenberg panel’s report makes a 
number of recommendations of its own con- 
cerning acid rain research, in compliance 
wiffi a White House request to provide fur- 
ther research and monitoring recommenda- 
tions to reduce uncertainties in the scientific 
and technical knowledge regarding acid de- 
position. Stating that "large portions of North 
America arc currently being stressed by wet 
deposition of acids, by dry deposition of acid- 
forming substances, and by other air pollut- 
ants such as ozone, metals, and organics," the 
|Miiel recommends that "cost effective steps 
to reduce emissions begin now even though 
the resulting ecological benefits cannot vet be 
quantified.'' 

Specifically, researchers should first try to 
quantify the overall effects of acid deposition, 
both wet and dry, on an ecological system be- 
fore trying to distinguish between the two. As 
.1 next jiiimiiy they should then wink *m 
“disentangling the effects uf acid deposition 
from tliuse of other anthropogenic atmo- 
spheric insults." Ollier goals for investigation 
are accurate measurements of dry deposition, 
network measurements of tracer elements 
and compounds ihat can point to sources of 
pollution, and improved understanding of 
die atmospheric chemistry by which pollut- 
ants such as SOs are acidified. Once these 
ty[ics of data are collected, the information 
should then be incorporated into improved 
computer models, according lo the report. 

In conclusion, the panel said it was “disap- 
|»imcd nL the way in which the Federal Gov- 
ernment lias been conducting its research 
program on nckl rain,” and called for a larg- 
er share of research funding to go to non- 
Fcdcral laboratories and for more emphasis 
on studying the ecological effects of acid rain. 
"Although current funding of acid rain stud- 
ies is much higher than in the past and in- 
creasing," Llie report says, “carefully chosen 
priorities in fields and investigators can mark- 
edly accelerate progress in this difficult field.” 


New Weather 
Forecasting Aid 

A new, computerized weather analysis and 
display system dcrekqted by the National 
Oceanic and Atmospheric Administration 
(NOAA) is being used to provide air trallic 
controllers in Colorado with up-m-datc infor- 
mation on weather systems that could affect 
aircraft within tlicir control areas. The sys- 
tem, called PROFS (Prototype Regional Ob- 
serving and Forecasting Services), was under 
development for four years at NOAA's Envi- 
ronmental Research Liburatories in Boulder, 
and is undergoing operational evaluation at 
the Federal Aviation Ad ini nisi ration's (FA A's) 
Denver Air Route Traffic Control Center in 
Longmont. Colo. FAA officials see llie new 
system as a first step in upgrading llie weath- 
er suppmi services lor the nation's air trallic 
control svstem. 

Original)) created in help National VV eat ti- 
er Senkc personnel with dieii fuieiusiing 
duties (£oj. April 13. 1982, p. 233 1, the 
PROFS system was specially tailored fnt avia- 
tion use before being installed at the Long- 
mont center. The system uses computers to 
process weather data from satellites, regional 
radar, wind prof 1 lei s, j in-iwt.il <>i jiu,.;ii > ic 
ed weather stations in eastern Colorado, and 
other sources, some ot which are not normal- 
ly available 10 forecasted. When this iulurma- 
tion is collected and formatted, weather per- 
sonnel at the center can choose from several 
types or visual display on iheir terminals, de- 
pending on what information they require. 
The forecasters can then make printed copies 
of any display and distribute them within mo- 
ments to controllers who use the information 
to alert air traffic to storms, wind shifts, and 
other weather disturbances. 

An example of the system's usefulness is in 
providing advanced warnings of quickly de- 
veloping storms. These storms often make it 
necessary to close corridors of air traffic. If 
controllers know ahead of time that a certain 
corridor will be closed, however, they can 
make appropriate adjustments and avoid 
traffic backups. The Longmont center directs 
air traffic in a region covering all or pari of 
eight western slates, and more than 3,000 
Rights pass through (hat airspace each day. 
According to Dan Austin, the center's air 


traffic manager, llie ability "to increase the 
timeliness and accuracy of forecasts is alwn- 
lutL-ly vital to cmr being aide to plan our traf- 
fic so wc don't have 10 wail for an airplane to 
Mick its nose in a cloud to find out wlutt con- 
ditions actually arc. [The new system] allows 
us to get important weal tier iiiiurimiunii in 
real time and lets us lake appropriate correc- 
tive action at the earliest possible moment." 

Several modifications to the I'llOFS system 
were made fur aviation use, including the ad- 
dition of one display that relates a stm tit's In- 
cation to an aircraft's position, and so allows 
forecasters to give ail air trallic controller di- 
rection and distance readings lor a storm 
without having to make the calculation him- 
self. The long-term goal for computerized 
forecasting systems, according to Dan Austin, 
is to have weather cm lours displayed directly 
on col) hollers' screens, along with -.lire rah m- 
foimalKiti. 


Corrections 

Three references were iucor reals tiled 
ill the article entitled “llistntk Carlo- 

graphic Evidence lor Holocene 

in the Antarctic Ice Cover" by John G. 
Weihaupi, published in the August 2M. 
1984. Em. fn die first column on |Mge 
■I'- 1 *. h"ih 1 dot ernes iu Figure- 5 should he 
to Figure 4. On |iage 499, the reference to 
the un published studies liy \V. F. Budri 
should be to iK-rsunnl communication. 
1982. 

The geograpliic distribution of AGU 
members that appeared in the 1984 Mem- 
bership Directory (£■», August 28. 1984. 
p. 527) incorrectly listed the membership 
totals for several countries ami inadver- 
tently unfitted Ecuador and Israel from 
the hat. The correct membership figures 
are as follows: 

Dominican Republic 2 
Ecuador 4 

India 42 

Indonesia 18 

Iran 3 

Iraq 5 

Ireland, Republic of M 

Ireland, Northern 2 

Israel 50 
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ence and research record- Please send applications 
or nominations to: 

Dr. Ralph R.B. von Frese 
Chairman. Search Cominittee 
Department of Geology and Mineralogy 
The Ohio State ^ University 
Columbus, OH 43210. 

Telephone; 614-422-5635 or 422-7221. 

Applications should include a resume, a statement 
of research interests and three persons whom we 
may contact For recommendalloiis. The closing date 
fbr^appKcalions is December I. 1984; »PP^“ 
will be effective no later than October I, 1985. Ad- 
ditional Information can be obtained by writing or 
calling the chairman oF the search committee. 

The Ohio State University « an equal opportum- 
ly/affirmauve action employer. ■ , 


who has demonstrated sdcnufic, irasiagcnai, ana 
leadership qualificauons in one or more ofihefol- 
taring disciplines: Spaa ex- 

magnetic waves. and sa ar-lerreslrial phwka- Wc« 
pect the successful candidate id have “ubluhed an 
o^landing^waibn do<^pntabie lhrough pro- 
fessiohal writings or other evidence ql personal . 
£33 SSiSly. letter, of reference frotr . WW- 
nlzed research leaders in the disapllnei raentionea 
. above, ahd/or awards and other recognition from 

wiLh ongoing mj*-" 

Site Sdence 


2^*eolr££SK“? 1 * whh research Interests In 
? ni muiL be ff . yj tc ponlcs. The successful appll- ■■ 
^JophvsI^P 3 "* 1 »»ht iri teaching exjjforjl- 
advanced topics in his/her - 
/Irani/ research, and supervise gradqsie 

?j*. Rank^m? 01 ? or industrial experience b de- 
“kry commensurate with expert* 


Spate Sdence apd Astrophwto- 


the field, including the environment of space; ex- 
perimental Hcuvltiei in either laboratory or space 
plasma physics would be regarded ns good qualifica- 
tions. However, close association with theoretical de- 
velopmenu In plasma physics and/or electromagnet- 
ic theory will clearly be desired. It is also expected 
that the Individual will liave a demonstrated capabil- 
ity Tor securing federal or other research grant sup- 
port, or be deemed by the selection committee or 
bring capable or securing such funds. 

It is anticipated thai-ihc person chosen will devote 
the major part of his or her time 10 research activi- 
ties. However, there is an opportunity for participa- 
tion In academic responsibilities of Electrical Engl- . 
neering Department, including, when lime permiis, 
teaching graduate and undergraduate classes, serv- 
ing on various committees or (he department, 

School or Engineering, and the University. It is ex- 
pected that the person chosen will participate active- 
ly in the training of graduate students. 

The Chairman of flic sckclion committee for this 
position is Professor Robert A. Hriilwdl. Professor ' 
of Electrical Engineering. Space. Telccammurka- 
tioris, and Radiosdence laboratory, Stanford Uni- . 
verrity, Stanford, CA 94305. Other members of the 
selection committee indude Professor P.M. Banks, 
Professor R.N. Brace We!!, Professor L.R.O. Storey, 

. and Professor L Tyler. 

Northwestern Unlveraily/Dopxrtmem of Geological 
Sr tehees. •= Applications are invited fora tenure 
. track position at die assistant professor level Trom 
persons who wifi complement one of the exuung 
departmental research program irt stnictual geolo- 
gy, tectonics, petrology, geochenrlainr. andsedW- 
wrv Ecology. Appikanis must hold the Ph.D. degree 
bv ihe time of appointment and demonstrate excel- ' 
fence in or strong potentiiti for independent re-. 
search in qne of these fields. In addition to linving a 
strong research orientation the position will involve - 


teaching al the undergraduate and graduate level! 
and the supervision of graduate student research. 


Letters uf application should be accompanied by a 
resume ilut includes a description of researrh inter- 
ests and accomplishments and teaching experience, 
a list or publications, and the names ofai feast three 
references Send la: S.O. Sc h Linger. Chairman, De- 
partment of Geological Sciences. Northwestern Uni- 
vcrsliy, Evanston, flluitds 60201. Closing date for 
applications Is November I, 1984. We expect uj fill 
the posihtnn for the full of 1985. , 

: Northwestern University 3s an equal opportunity/ 
affirmative action cm piny er. 

Applied GeophysIcVBowilng Green Stale Universi- 
ty. The Department of Gctdogy invites apirlira- 
pQns for s tenure track, uuisiani professor position 
in applied gcaphyaks. Salary up. to $30,090; Ph.D. 
required. The successful candidate will be expected 
10 develop 0 rcscureh program in wine aspect of ap- 


to develop 0 rcscureh program in wine aspect or ap- 
plied geophysics and trarh courses in seuuhysics. 
exploration geophysics, and in his or tier specialty. 

The Department has 1 1 full-time focuhy. In addi- 
tion, two faculty From the Physics Department par- 
uripaie.in our geophysics program. Complete geo 
physical inslrumemaUon, inriuding a seismograph 
station and rock mechanics lab, arc available. 

. Interested persons should scud .resume, statement 
of research intc rests, 'offlda] transcripts, and three 
kuers of reference to Charles M. Onasch, Chair- . 
man. Search Committee, Department of Geology, 
.Bowline Green State University, Bowline Green, 
Ohio 43403. The dosing dale u November SO, 
1984.-We will be interviewing al GSA in Retro. 

B.GSU is an equal opportunity /affirmative action , 
employer.. 
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MARINE 

ENGINEER/ 

NAVAL 

ARCHITECT/ 

SHIP SYSTEMS 

ENGINEER 

The Office of Naval Research is 
seeking an experienced Marine 
Engineer/Naval Architect/Ship Sys- 
tems Engineer to serve as Head of 
the Ship Management Office, man- 
aging a program of Navy-owned 
research vessels operated by aca- 
demic institutions. This is a Civil 
Service position at the GM-1 3 level. 
Salary will range from $36,327 to 
$47,226, depending on individual 
qualifications. The position Is 
located at the ONR Detachment on 
the National Space Technology 
Laboratory site outside Bay St. 
Louis, Mississippi. Applicants 
must have a minimum of three 
years of professional experience 
and knowledge ol naval architec- 
ture and/or marine engineering 
related to Inspection, maintenance 
and refit of scientific survey or 
research ships; knowledge of sci- 
entific instrumentation associated 
with such ships; and the ability to 
review, evaluate and negotiate pro- 
posals for major refit, maintenance 
and overhaul of scientific surveyor 
research ships. Frequent travel is 
required. Interested persons 
should submit a resume or Stan- 
dard Form 171, Personal Qualifica- 
tions Statement (available at 
Federal Job Information Centers 
or from the address below), to: 
Office of 

NAVAL RESEARCH, 

Civilian Personnel Division, Code 791SC, 
Attn: Announcement #84-48 (EOS), 800 North 
Quincy Street, Arlington, VA 22217. Applica- 
tions will be accepted through 22 October 1984 
and must be received by that date. Applicants 
are requested to complete the appropriate 
supplemental forms. For further Information 
and supplemental forms, please call 
(202) 698-4706. 

AN EC UAL OPPORTUNITY EMPLOYER 
U.8. CITIZENSHIP REQUIRED 


Physical Oceanographers. The Physical Oceanog- 
raphy Branch of the U.S. Naval Oceanographic Of- 
fice reeks full-lime Oceanographers Tor Hie study of 
the effects of oceanic current and thermaVderuiLy 
structure on undersea systems using data collected 
from various platforms for a variety of projects. 

The projects involve the collection, analysis and re- 
porting of physical oceanographic data directly ap- 
plicable to relevant Navy environmental require- 
ments. Up to 5(tfF Held duty may be required. 

Mnliple vacancies at the GS-7, 9 and 1 1 levels are 
available depending upon qualifications and experi- 
ence and will remain open until filled. Salary range: 
SI7.221 to 533, ISO. 

Please contact (for required forma): Debra Sta- 
ples, #N00~72(84l, Commercial 60 1-6 38-5720, 

A u lot on 485-5720, or ITS 194- 5720. U.S. Naval 
Oceanographic Office, Management Sb Personnel 
Division. Personnel Operations Branch, Code 4320, 
Bay Si. L«iuu, NSTL, Mississippi 39522. 

Research Associate. The University of Colorado 
is advertising a research associate pnsiiiun. The sala- 
ry fur this position is 526 . 0110 . 'I he duties and re- 
quirements air as fill lows. 

IHJ 1TF.S: Carries nut individual anti collaborative 
lusic research studies on small-scale and incsnsrale 
meteorology anti its applications on air imllniiim- 
Research lc ' likely to include pro ipilutlun processes 
anti dynamics associated with convective storms anti 
mcsoscale features such as squall lines, fronts and 
jets, the effect of moist convection on the Urge-scale 
environment. Rmii theoretical anti ubsvivjitimul 
studies will be encouraged in i undue ting this re- 
search. The ultimate goals are to improve the fore- 
cast, uittl cite ai>pllc.ittmis of rite mesosndc model to 


atmospheric data is desirable. The succcssfiij appli 


ricvclnpnicnl and evolution of convective cloud syi 
tents. , . 

licanis should have a degree m Atmospheric 


itsiiagcs would he advantageous. 

Tiie position could begin in Autumn 1984. Salary 0^68 If 

will be commensurate with experience. Interested inVOlvil 

applicants should submit a vita, and have three let- 
ters or recommendation sent iq Dr. Peter Lamb. Illi- 
nois Slate Water Survey. P.O. Box 5050, Station A. 

Champaign, IL 81820. Call 217-333-1702 for fur-. 
dicr information. The Illinois State Water Survey is 
affiliated with the University of Illinois and is locat- 
ed on the University Campus. 

It is an equal opportuidty/aOirniailve action em- 
ployer. 

Paleobiology and Quaternary Paleoecology Posi- 
tion s/University orTeunessee. The Department 
of Ccotaaical Sricnccs, UT Knoxville [main cam- 
pus). Invites applications for two tenure track leach- 
mg and research positions at the Assistant Professor 

(1) Paltobiologist — Applicants should have research University of L 

interests in paleobotany, niirropaleoniology, or m- Teclonophyslcj 
vertebrate paleontology. . Geophysics at ir 

(2) Qiiatemnn Palnerofogisl— Applicants should lions for a tenui 

have research Interest in terrestrial Hums and/or pa- gy, tectonics or 
leocliinatoloey. This is a S/4-iimc appointment made this position wil 
jointly with Hie Graduate Program in Ecology- level, but appltc 

Both positions will be effective September 1. be considered. 

1985, and applications arc due by January fi, 1985. emphasis in sin 
Pti.D.'s .ire required. Send resume, transcripts, anti iccionopliysics.. 
names of three referees to: Search Committee, the opportunity 

Department of Geological Sciences. University of specially and m: 
Tennessee, Knoxville. TN 37998. el courses. The 

UTK is an F.KOTiilc IXASedion 504 employer. to establish a vi| 

graduate snider 

IIcgd/Dcpartmcnl or Geosciences. The Pennsyl- ™ n wj H j oin “ n 
vanla State University seeks an academic leader to (O' 3, . ,rt 1«I01HC! 
serve as Professor and Head of a large department integrated ; 

with 35 facility members divided among three aca- g l ".!S ! ieill1 S.0 r 

ttcmic programs: Gcoclicmisiry -Mineralogy, Geolo- Lurdlilcra. The 
gy and Geophysics. ,ah ° ralc w . llh « 

A doctor's degree, significant publications and scdimcntology, 

high scltoiarlv standing arc required; administrative °gy- A vita, cop 
experience is’ highly desirable. P cr J.°? s lh ? 1 m: 

Applications will be accepted until October 15, outlining the ca 
1984. Applicants should submit a letter of interest tcrerts should b 
and curriculum vitae to: man .« Depadme 

Amulf Muan, Cliairman J5 IS !!?- 

GSc Search Committee P^dlmcfor re 

4 1 5 Wa Ikcr Building 984 with i lie a 

University Park. PA 16802. ^ . . 

The Pennsylvania State University is an equal up- The Univcrst 
ponuniLy/affirmaiivc action employer. alhrmaiivc actic 

Senior Level Hydrogeoiogist. Requirements: M.S. GeophyaielslA, 

t 5 years cxpcnence as Project Manager. Computes Department ol 
modeling and writing skills imperative. Strang back- tenure track fit 
ground in applied hydrogeology integrated with irs beginning J 

chemistry and engineering desirable. will be at the x 

Remuntialton: Com me nsti rate with experience dates al the ass 

plus excellent benefits and growth potential. cred. The Pli.I 

Respond: In cunliriciuc stating interest, full rcsti- experience is d 
me, references and salary history to Mrs. V.L. mologist and/o 

Bunos, R.E. Wright Associates, Inc.. 3240 School- plement currei 

house Road. Middletown, PA 17057. good applicant 

Faculty mem 

Executive Director. Executive Director of newly ® nd ac ^' c rcca 
cuablished Incorporated Research Institutions for nergraduaie si 
Seismology GRIS), a non-profit consortium of about pK ,n 2 ani 
40 research universities. Initial duties include selling *■ tjC . Q ” r *) 
up Washington, D.C. office with associated financial * 

and clerical services, conducting necessary contract 27514. Appltc: 
negotiations with federal agencies and private orga- 01 research am 
filiations, handling procedures and arrangements a . 1 Ica * 1 “J ree r 
for extensive committee activities, and working with tsona, is Octobe 

the managers of the various research programs. Lin- LINC is an a 
dcr supervision of the President, represents the cor- employer, 
poraiion as necessary in dealing with member insti- 
fusions, funding agencies and contractors in admin- Uepartment Hi 
islering large scientific programs. The corporation Nevada Reno, 
anticipates a level of research exceeding 820 million vcniiy or Neva 

annually in five years, with a permanent office staff Ilus iwelvc-moi 

of up to ten. Candidates must be able to work Inde- pariment has n 

pendently. with little staff support in the first year. ,n JJ- research a 

and have sufficient breadth and experience to cstab- 01 agronomy, f 

lish an elfirient, functioning corporate office. Appli- agemem. A Ph 

cants should suhmit resumes ana names of at least P™5*.* nt * WK " 

ihree references to: IRIS, Inc., Department ED, abujucs arc ret 

2000 Florida Avenue. N.W., Washington, D.C. u October 15, 

20009. B ary 1, 1985. C< 

IRIS is an equal opportunity employer. M04?702^ 7$ 

Solid Earth Geophysiclat Faculty posiiion at the poSmnkyTmpI 
Graduate Depaitmeni of Scnpps Insntuiion or 

Oceanography and ihe Institute or Geophysics and i 

Plancury Pliysie*. Applications are invited for a ten- 

ure track faculty position in the field of solid Earth SaEfVKSStS, 

neophvsics. including its theoretical and observa- ; 

uonal j quiets. Tlie position will involve graduate «ni 

level teaching and inc supenision of graduate sin- 5* d . **P* 

dent resear cm. Qualifications include a Ph.D. in one 

of the sciences and demonstrated excellence and In- „.?n 

dependence in research. Weight will be given to evi- J Y,,! 6 ] 

dence of superior teaching ability. An appointment “ ,“*}* 

at the Assistant Professor !csel is envisaged but ™ 

qualified a[iplicanu at all levels will be considered. 

Associate or professurial level candidates must 0 

dcinosnirate a strong research record in their sue- 

naliy; assistant level cantlidaies will be ex penal to SJS? ’? canfll ? 

show evidence of their nutcniial by means uf a pub- * n ''' 1 ae 8 rc , c L 

[icailou record anurupriaic for their experience and 

in their letters of recoin mcmlation. Salary caninten- „™IT , D? ,U,ir 

suralc with qiialiticmions and experience. Semi lei- '«“«*■ rtcasc 

ter of application, curriculum vitae, Including re- c 

search tntercsti. and the names of three references r^ lrUCU 

to: Chairman, Graduate Department A-008, Scripps Ucpartn 


GROUND WATER 
HYDROLOGIST 

Environmental Science & Engineering, Inc. a full service engineering con- 
sulting firm based In Gainesville, Florida, with regional offices in Florida, 
St. Louis, Denver. Baton Rouge and Anchorage, has openings for ground 
water hydrologists to manage projects, prepare proposals, and make pre- 
sentations to clients. Projects include hazardous waste investigations and 
remedial engineering, ground water monitoring and contamination assess- 
ment, geophysical studies, ground water supply development and permit- 
ting, and land application of waste water. Requirements Include MS De- 
gree In hydrogeology, geology or engineering and 3-5 years experience 
Involving hydrogeology, hazardous waste and water resource. 

Environmental Science & Engineering, Inc. 

Department E03 
P.O. Box ESE 
Gainesville, Florida 32602 

Equal Opportunity Employer 


University of Utshi Structual Geology/Tectonics/ 
Teclonopnyslcs. The Department of Geology anti 


gy, tectonics or tcciunopnystu. it is anucipaieu mat 
mis position will be filled at the assistant professor 
level, bill applications by more senior persons will 
be considered. The postion requires a Ph.D. with 
emphasis in structural geology, regional tectonics or 
iKlonopliysics.. The new faculty member will have 
the opportunity to teach in the area of his or her 
specially and may also be assigned introductory lev- 
el courses. The successful candidate will be expected 
to establish a vigorous research program involving 
graduate students. The person who fills this posi- 
tion will join an active program in structural geolo- 
gy and tectonics that includes bath field projects 
and integrated gcology/gcopltysics ans mechanics/ 
fluid chemistry studies ol structures in the western 
Cordillera. There is ail excellent opportunity to col- 
laborate with other faculty in structural geology, 
scdimcntology. geophysics, geochemistry and petrol- 
ogy. A vita, copies of publications, names of three 
persons that may provide references, and a letter 
outlining the candidate's research and teaching in- 
terests should be sent to Dr. William P. Nash, Chair- 
man, Department of Geology and Geophysics, Uni- 
versity of Utah, Salt Lake Cuy. Utah 84 1 12-1 183. 
Deadline for receipt of applications is December 3 1 . 

1984 with the appointment starting in September 

1985 

The Linivcrsity of Utah is an equal opportunity/ 
affirmative action employer. 

Geophyaiclsl/Uni versify of North Carolina. The 
Department of Geology invites applications for a 
tenure track faculty posiiion in solid-earth geophys- 
ics beginning July 1. 1985. The posiiion probably 
will be at the assistant professor level, but candi- 
dates at the associate professor level will be consid- 
ered. The Pli.D. is required, and post-doctoral 
experience is desired. Our preference is for a seis- 
mologist and/or tcclonophysielii, who would com- 


and active recarch program, teach graduate and un- 
dergraduate students, and supervise theses. 

Inquiries and letters of application should be sent 
to P. Geoffrey Feiss. Department of Gcologv 029A, 
University of North Carolina, Chapel Hill, NIC 
27514. Applicaiions must include resume, statement 
of research and teaching interests, and the names of 
at least three references. Closing date for applica- 
tions is October 19. 1984. 

UNC is an affirmative action/equal opportunity 
employer. 

Department Head of Plant Sciencea/Unlvcraily of 
Nevada Reno. The College or Agriculture, Llni- 
versity of Nevada Reno, is seeking applicants Tor 
this twelve-month tenure track position. The De- 
partment has nineteen faculty and conducts teach- 
ing. research and extension programs in the areas 
cifagronomy, horticulture and integrated pest man- 

S meni. A Ph.D. in a plant science related disci- 
te and evidence of administrative ami leadership 
abilities are required. Closing date for applicaiions 
is October 1 5, 1984. The position is available Janu- 
ary I, 1985. Contact Dr. Llwood Miller, Chairman, 
College of Agriculture, UNR. Reno, NV 89557- 
QQ04, /02-784-661 1. 

The University of Nevada Reno is an equal op- 
portunity employer. 


Structual Ceolojriit/Obio State Univerally. The 
Department of Geology and Mineralogy of Ohio 
State University Invites applicaiions for a tenure 
track position for a structual geologist with signifi- 
cant held experience, a strong theoretical bacli- 
ground, interests In regional tectonics, and familiar- 
ity with seismic imerp relation. The successful appli- 
cant will be expected to partidpate In the 


the transport ul air uulluiuiiis. 

RF.yUl RLMKN'I'S: I'li.l). dissertation or equiva- 
lent research tout libut ion in meteorology or related 
field. DciitiHivi ratal cxfK-nise/inlcrcst in small-scale 
precipitation processes and incso scale meteorology. 
Demonstrated knowledge or and experience in the 
KCAR/PKU mcsoscale iiunwrual modeling. Demon- 
si rated knowledge n| tropospheric phutucncnnsiry. 
Extensive use ol tv large, advanced computer and 
expet iettre in the design, coding and testing of 
large numerical models and data processing. Strong 
mathematical abilities. Demonstrated skill in effec- 
tive written and oral sumniunkaikin. 

’ APPLI CAT ION: Application materials arc as fol- 
lows: l etter of application, complete resume includ- 
ing pubbeaumu lisi, and three tetters of reference 
from professional colleagues. These Ora to be sent 
. to: The Director, Cl RES. (iambus Bax 449,, Uni ver- 
• shy of Colorado, Boulder. Colorado 80399. 

AA/LL. 



Iniututiun of Oceanography, University of Califor- 
nia. San Dicuo, Ea Jolla, CA U2093. Responses must 
be received by November 30, 1984. 

^ An equal opporluniiy/affirmaiive action cntplay- 

Un| versify of Texas at Austin. The Dcpni intent 
of Geological Sciences seeks to fill tenure track posi- 
tions effective Tall 1985 in one or more or the fol- 
tawing dUclp1itx!i: I) mlcropalconiology-Tertlary 
Wwlraiioraphy, 2) structure-tectonics, 4) hydrogeol- 
ogy. mid 4) mineralogy-kinetics. Each person is ex- 
pected to tenth both undergraduate and graduate 
courses and to conduct a vigorous research pro- 
gram, including the supervision or graduate stu- 
dents, in the area of his or her speciality. The posi- 
tions require Ihe Pli,D. degree. Applicants should 
submit a detailed resume, names and addresses of 
lire references, a statement or teaching and re- 
search Interests, and a copy of their dissertation ab- 
stract by December 1, 1984 to; Dr. William L Fish- 
er, Department of Geological Sciences, the Universi- 
ty of Texas at Austin, Austlfi, Texas 78713-7909. 

. The University Is an equal oppanunity/aSinna- 
tree action employer. 


Applications with cunuilum vitae, names and 
adareses or three references, and/or nominations 
should be sent to: 

Francis G. Stehli, Dean 
College of Geosciences 
University of Oklahoma 
601 Elin Street, Room 438C 
Nonnan, Ok 73019. 

Consideration of applications will begin lanuary 
I. 1985. 

The University of Oklahoma is an Equal Oppor- 
tuniiy/Affirmativc Action Employer. 

Postdoctoral and Research Associate Positions/ 
INSTOC. The Institute for the Study or the Con- 
tinents (INSTOC) invites applications lor postdoc- 
toral and research positions in programs involving 
study or the continental crust, including COCORP, 
or to initiate new programs or crustal study. The 
Ph.D. is required, and experience in gcopliysics or 
geology is desirable. Send vitae, list ul publications, 
and letters of recommendation to Professor Jack Ol- 
iver, Institute for the Study of the Continents, Snce 
Hall, Cornell University, Ithaca, NY 14853. 

An equal opportunity/allii m.uivc action cmplov- 


The University of Kanias/Faculty Positions. The 
University of Kansas, Department of Geology seeks 
to fill three tenure track positions at the Assistant 
Professor level to begin in Fall. 1985. The Depart- 
ment seeks persons committed to academic careers 
involving teaching, research, ami service. Salanes 
will lie (tcierminen bv qualifications and experience 
and will be compel itivo. Candidates should hold the 
Ph.D. degree in (icnlogicHl Sciences or have it near 
completion. 

All positions carry rvsjiuniibilitv fur teaching at 
both undergraduate and graduate level, conducting 
active programs or research and publication, and 
supervising the rescan. h of students. Candidates 
should expect to teach introductory courses as well 
as in ilicir specialties. The Depart mem mar give 

E reference to those who arc qualified physically and 
V training ur experience to teach in our summer 
field programs and have the capability to use ihe 
computer to solve geological problems. 

Position I. Sedimentation, with interests in the in- 
terface between sedimentaty pioccssesand stratig- 
raphy, diagcncsis and low- tempera lure ecochcniis- 
iry, oi tectonics. Duties w ill include leaching courses 
in stratigraphy, sedimentation, sedimentary geo- 
chemistry, or iccionics. _ . 

Posiiion 2. Tectonics, with interest in the interface 
between tectonic processes and sedimentation, igne- 
ous phenomena, or tneiainorpliism. Duties will in- 
clude teaching courses in struct tial geology tec- 

tonics or petrology. Candid ales with field orienta- 
tion will be prefen ctl. , . 

Posiiion 3. Geophysics, with interests in seismolo- 

S i, crustal structure, nr potential fields. Candidates 
imild expect to interact with a strong gioup in the 
Kansas Stale Geological Survey and coordinate the 
academic aspects oi the program in geophysics. Ju- 
lies will include teaching corses in geophysics, crust- 
al structure, or tccltiiiks. 

Applicants should semi a resume, academic tran- 
scripts, and at least tiucc letters of rccomincndauon 
to: M.E. Bickford, Chaimum ol Search Committee. 


ant will be expected to partidpate In the 
undergraduate program inducting field courses, 
teach graduate courses in his/her field of expertise, 
supervise graduate students, conduct research, and 
interact with other departmental programs in re- 
grnnal geology and geophysics. Consideration will be 
given to candidates with industrial experience. A 
Ph.D. degree is required. Rank will be either assist- 
ant or associate professor and rank and salary will 
be commensurate with experience and research 
record. Please send applications to; 

Cliairman 

Structual Geology Search Committee 
Department of Geology and Mineralogy 
Hie Ohio State University 
Columbus, OH 43210. 

Application! should indude a resume and a state- 
ment or research interests. Applicants should ar- 
range to have at least three confidential letters of 
recommendation sent to the committee. The closing 
date for applicaiions is Deccmer 1, 1984; appoint- 
menu wil be effective October 1, 1985. 

The Ohio Slate University is an equal opportuni- 
ty^ ffirmativc action employer. 

College of Gcotclences/Unlvcralty of Oklahoma. 

Applications and nominations are invited for the 
position of Director of the School of Geology and 
Geophysics. The Director is expected to have a 
Ph.D. or equivalent, a.alyong, ongoipg research pro- ! 
gram and administrative experience; uldiulrial 
experience hdpfuh field ol geological specialization 
open; to begin July 1,1985; salary to be negotiated, 

In 1986, tne-School will inov'e into the new 
300,000 so. ft, Energy Center along whit other ele-' ■ 
menu of ipe College of Geosciences; the. Oklahoma 
Q e0 !°sy Survey; and ihe Sdiool of Petroleum and. " 
Geological Engineering and the School or Chemical 
Engineering and Materials Sciences, both from the 1 
College of Engineering, • . 1 . . 


The positions are contingent upon availability or 

funds. , 

The Lfoivcrsiiy nr Kansas U an AA/EEO employer 
and encourages applications front all qualified per- 
sons. 


MATHEMATICAL 

GEOLOGIST 

Ph.D, degree In earth sciences plus experience 
In developing computer programs lor 
geological modeling required for an open ng in 
Conoco's Exploration Research Division. 
Should be able to Integrate rock properties, 
fluid flow, thermal history, etc. in computer 
modal9 to answer questions of exploration 
significance. Experience with numerical 
modeling techniques a plus. Conoco oners «n 
excellent compensation package inoluaing 
relocation assistance and continuing 
opportunities for professional ragpcnBlpUKY 
and growth. Applicants must bs U.S. cltiMn 
or have a permanent resident visa. Qualifleo 
candidates send resume to: 

Marilynn Jackson 
Research and Development 
Conoco Inc. . 

P.O. Box: 1267 
Ponca City, OK 74603 

, No Agencies, 1 Please 
• An Equal Opportunity 

l^^S’fconoSojSB 







Auaieijn^ALiik *" 


September 25, 1984 EOS 


Assistant Professor/Atraospfierir Sciences. A ten- 
ure track assistant professor position will be avail- 
able in the fall of 1985 at ihe University of Kansas 
Applicants for this position uiusl have a Ph.D. in 
meteorology or atmospheric science, capability and 
interest in leaching synoptic meteorology at the ad- 
vanced undergraduate level, and a strong interest 
and potential Tor developing an artivc rcxarch pro- 
gram. Preferred qualifications include postdoctoral 
research experience and a strong publication 
record. Duties of ibis position will include teaching 
undergraduate meteorology in a B.S. degree pro- 
gram, conducting a vigorous research program, ami 
participating in the responsibilities of (lie Depart- 
ment of Physics and Astronomy. Salary will depend 
upon qualifications. Qualified applicants are invited 
to submit resumes or curricula vtiae, bibliographies 
narrative statements of research and teaching inter- 
ests, and the names, addresses, and telephone num- 
bers of three references to Professor J.P. Davidson 
Chairman, Department of Physics and Astronomy ‘ 
University of Kansas, Lawrence, KS flfiO-15. The 
closing date is November 15, 1984, 

An affirmative action/equal opportunity employ- 
er. Applications are sought from all qualified people 
regardless or race, religion, color, sex, disability, vet- 
eran status, national origin, age or ancestry. 

Old Dominion Univeraity/Marlne Organic Geo- 
chemist— Search Extended. The DeiHriment of 
Oceanography seeks candidates for a newly created 
state-funded tenure track faculty position in marine 
organic geochemistry. Specific research interest is 
open, although the major departmental emphasis is 


" wcl1 " 

:|K§3£Ks£e 

John Wickham, Director 
School of Geology & Geophysics 

University oTOklahomd 
. .. . Norman, OK 73019 

^Ajqjhcauons must be received hy November 2. 

SB?WW"SSSfKSS^ 

In applied 

_ ‘^cceMful applicant will be expected to dcvel- 
op leaching and research recognition at a nation^ 

held °P en Ull,il filled- Appli- 

cnccs W°M C* Cilbei f ^ ,nc,lMlin 8 names of refer- 
v! M „ V- Gilbert. Department of Geology Tex- 

Te^ M A&M Un 1 ’ 1 Ct i ,lc5e Sta, s n - ^ 77 $3- 

PH..S op^,iil y n, Sfc a " ' iVC ““° n ' 

^TlSnflS 1 Postgraduate School. 

1 he Ocean Turbulence Laboratory lias available a 
postdoctoral position for a person interested In ihe 
5"?*7*!»and interpretation of oceanic turbulence 
0ala ; , Ille , f. n . l,re “ f° r one or two yean. The sne- 


on coastal processes. The successful candidaie is ex- ~“r, ^332® WF or lwo if 3 "- > ne sue 
peered to pursue a vigorous funded research pro- ? ht J u J d ha L vc a Ph h - physical 

gram, and to leach undergraduate and/or graduate y r all A au i' h ex|*nenee with turbu- 

level courses in his/her field. The expanding Ocean- ™ rl ?, “w R re 'Arable n is noi essential. The op- 

puriun IV lor invrllvrmnn, In A-,11 ~.U : - r i. 


level courses in hisflicr fieTd. The expanding Ocean- 
Mraphy Depanmeni offers programs lending to the 
ME and Ph.D. degrees. It currently has 15 faculty 
positions, with three in chemical oceanography, 70 
graduate students, and the appropriate facilities for 
many chemical studies. The jiosiuon will be at the 
assistant professor level. A Ph.D. is required and 
postdoctoral experience is desirable. The position is 
available for the 1985-86 academic year. Applicants 
should submit a vita, statement of research interests, 
and the names of three references by October 3 1 
1984 to: Dr. Gregory A. Cutler. Search Chairman, 
Department of (Ayanography, Ojri^Doniinion Uni- 


versity, Norfolk. VA 2&0& 804-440-4285! 

. 9 Du is 3n affirmative action/equal opportunity 

iniEiiaiiinn 1 1 r 7 


Manager, Research Computer Facility. The Uni- 
versity of Oklahoma is looking for a person to man- 
age a recently purchased VAX 1 1/785 computing 
facility dedicated to research in the Geosciences. 
Hardware and Software arc designed for image 
processing, seismic reflection data processing, and 

IcophyskulTaU ° f 8eolo S kal - geographical ;ind 

In addition to the 1 1/785 with 8inb uf CPU inem- 
ory, the system includes an array processor, five 
tape drives, five disk drives, a line primer, a 36" 
electrostatic plotter, and two high resolution graph- 
ics work stations wilh a digitizing board. The image 
Processing hardware includes a Gould-DeAnza 
IP8500 processor with JO image memory planes, 
real lime disk memory and three high icsohilfon 
color monitors. 

The person selected must have ,n least a US de- 
gree in science, m.iili. engineering hi leLiictl held; 
hro years nrograminmg experience inc hiding FOR- 
l KAN; educational or inmpuimg exiicriencc in sul- 
n earth or muicorulo^y. t\|»eiiencc with 


” -7 11 noi essential, i ne op- 

KJME for in data gathering cxpnfi- 

Uons is also available. Resumes can be sent m Dr. 

l r U M k * ^ dc Naval ^“graduate 
School, Monterey. CA 93943. 

AA/EOE, 

Congressional Science Fellowship. Opporiuniiv 
]?[ ?,°S c ‘v Car aMI 8 nn }cnt (Scpiember lu Siiomi) bn 
the staff or a congressional committee or a House or 
senate member as an advisor on a wide range of sri- 
eniific issues affecting public policy questions. 

Individuals who are AGU members and U.S. resi- 
dems are invited to apply. A broad background in 
saence is expected, as ihe various duties entailed re- 
quire the applicant to be articulate, literate, flexible, 
and able m work well with people from diverse pro- 
fessional backgrounds. K 

Public policy background is not required alihoush 
such experience and/or demonsi ratable interest in 

b P SsiraLie ,ei,,:e “ ,hf wIu,ion of public problems 

«oT l ,\f,rf cU i 0hshlp £ . ar . r , iei wilh “ 3 ^pend of up to 
528, QUO plus travel allowances. 

How id apply: 

Candidates should submit a letter of intern, a cur- 
ncuium niae, and three loners of recrninneiirl.iiiiin 
The letter of intent should include a statement or 
why the fellow ship is desired, how >ou qualify fur ii, 
what issues and congressional siiiiiiiinns imcrcsi 
you. what rule vuu emisiori as a cungrcssiondl xi- 
encc fellow, ami wliai omcome \ou hope for in rrla- 

non lu career goals. T lie individuals Ir whom 

tou request Iciiers <il recoin meudannn should dis- 
cuss tiut only your piutcssion.il competence, bm also 
oihei aspects nl your b.nkgrouiid ili.u make sum 

E amculurk qualified io serve as a Lunuressjnnal 
Cience Fellow. 


DEAN 

College of Marine Studies 

UNIVERSITY OF DELAWARE 


Applications and nominations are 
Invited for the position of Dean of 
the College of Marine Studies of 
the University of Delaware. The 
preferred starting date Is February 
1, 1985, however, this Is negotiable. 

The College of Marine Studies has 
programs In four interdisciplinary 
areas: Marine Policy, Marine 
Biology and Biochemistry, Applied 
Ocean Science and Ocean* 
ography. The College offers the 
degrees of Master of Science, 
Master of Arts, Master of Marine 
Policy and Doctor of Philosophy. 

Minimum qualifications for the 
position Include: an earned doc- 
torate In any of the areas repre- 
sented In the College and broad 
experience In Marine Studies; 
significant administrative experi- 
ence, such as, but not limited to. 
department chairperson or dean; a 


-Send ihe aliovr iu: Member I’nigrjim Mctu.ii- 
mcni, Gongrc'rinnal Sticiiu- Fellowship Program. 
A 1 *™ 3 " Geopliwuil Union. SMOO Florida Atciiuc. 
N.n.. Washington, D.C. 2(101)9 

Application DmiINiic: April I, l‘J8j. 

Research Geophyglclsi. The U.S. C.euluekjl Sur- 
vcv (USGSj, uflue of F.irihi|ii.ikcs. Voh aunes, .mil 
c.ngiu»ring, brunch i»f Scismoln^n is toliciiinu in- 
icresi from except innally well-qualified persons with 
either a rtturrl of demunsir.itcil .ibiliiv or iiiilslantl- 
ihg pjtcniuMoi research in one oi more aied« ol 
Rr.incli .Hlii ill. The Bmucli ol Seismology cuiuIiilIs 
ftmtiairicmal irx'jrdi in the fields uf earl liqu, ike 
prediction, network seismology, irustal strunurc 
and sole. i no scisiimlugs. The Brandi is paniml.irlv 
inter csicd m * genplissicist with expert ix- in tin- 
field oi scumolugs 

All intcjcsied persons slnnild subniii a detjiled 
resiiinc ol ctliiiduon. experience, siniinurs of imer- 
csis and rcsc.iri.li nueniions, and die appi pri.ue sal 


record of scholarly publications In 
Marine research, teaching and 
public service; and demonstration 
of outstanding leadership capabil- 
ities with a broad vision for the 
continued Improvement of the Col- 
lege’s research, educational and 
service activities. 

Nominations or a letter of Interest 
and resume should be sent by 
October 30, 1984, to: Dr. U. Carl 
Toensmeyer, Chairperson, Search 
Committee, Department of Agri- 
cultural and Food Economics. 
UNIVERSITY OF DELAWARE 
Newark, DE 19717-1303. 

The University of Delaware Is an 
Equal Opportunity Employer 
which encourages applications 
from qualified minority groups and 
women. 


William Klhsvmtli 
U.S. Lieuldgic.d Survey 
Hranih r,l Scisiiidlngv 
S-lii Miildlcficlel Rd-kI, MS-977 
Mynkt Park. CA 91025. 

Shiiitld ,i pusition Imomc available in the Utatu.li, 
you will be niiliheil «f tire uuiipciitivc Fed via I em- 
pliiyniem a|iiilic:iliuii reqimt-mentv. 

• T ^ ’KitMl Survey j» ,u, A flint m live .U- 

uon/Eqiul Oppoitiiniiv Em plover. 


POSITIONS WANTED 


Gealogiit/Gcochemlsl. 3:1. M.A.. Ph.lJ 1983. Spc- 

CMlmnu in !im ierit|ici .nitre ge.i«.liriiihirv .mil vet,, 
chrimoliigv wiili extensive experience in Rlv.Sr hum 
spcurcunelrv . Several puhlkdiiniK. Seeks m.l.tsm, 
■tcjdcmie research, or gfiVv-rnmoni in-siium. ILnx 
Anierir.m (fonphvsital I riioii. IHiiltj l-lnrirl.i Av- 
enue N.W., U'.isliingnm. l)t! ‘d'Klil'.i. 




AGU Membership 
Applications 

Applicaiions For membership liave been re- 
ceived from ihe Following individuals. The 
letter after die name detunes the proposed 
primary section 1 affiliation. 

_ E. Argo (SA), Kichard D. Uaganz (G). 
Charles R. bailey (H), Joseph E. Barron (G), 
Utnsiopher Howland (T), Bradley A. Bryan 
(n). Bryan C. Chakoumnkns (V), Raymond L. 
Utuan (A), Robert B. Cook (O), Kcidi S. Da- 
vidson (H), Kevin F. Dennehy (H), Gregory 
l. Duckworth (S). Ingvar B. FridlciFsson (V), 
Dennis R. HeUel (I I). Shi, -Li Huang (H), 
uurel Izmirian (H), George A. Jackson (O), 
Hiroshi Kawamura (O), Thomas Knnze (S), 
wo K um (F),Jon Lea (H). Michael S. LI- 
SP* (T), James J. Lienkaemper (T). F. E. M. 
„ O mar A. Lucero (A), Isao Malsu- 

J.ga.CT), James A. Mercer (O), Tlieologus M. 
M'mides (H), Raymond W. Mitchell (V), 

Harsh Mohan (G), Robeit L. Peshkin (H), Mi- 
“ael Planert (H), Lee E. Plansky (T),Jona- 
S ' Price (H). B. Ranken fS), Robert D. 
Jamshid Sadeghlnour (H), Edward 
3 - itarachik (O), Robert T. Shin (H). Kunio 
w l ^f awa (O)i Pairicia Showalter (H), David 
M- S' ver (O), Donald P. Smith (O), Michael 
L-r P S ne ( °)> p eler A. Stone (H), Galvin T. 
v» ■ ^ Cha ng-Hua Tsao (SC), Inna L- 

Rkhard J. Warburton (G), C. Gary 
S ‘ Wfoblewski (°). Harry H. 

Shidenta 

r«W J Allen (A >- Moustafa Baraka (G), The- 
FaH! x, U1 (A, « Mitche11 Brourman (H). RM 
mr T r M- Budijamo (T), Rebecca W. Car- 
s,J James J. Connors (T), Peter De 
(0>. Lee Di TuUio (T), Joe A. Dra- 
fSt ’ Tracy Evans (H), Joanne Fredrich 
Nan ll 2°?y Gilpin (A), Jenny Glasser (S), 
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5561 fluu mien, eomeetion, or circulating 
POLAR CAP UtfLATlOM AM DEFLATION 
0. L. Siaeoa and T. S. Huai<| IDapariuant at 
Arnoapharle Bclaacai, Dnivaralt* af California. Lai 
Anialaa, CA 90024 ) 

Dayalda and nl|bcilda narjtoj catca uaually 
dltrarj firai oca dsninatM than chi nrhar to uintain 
long-tarn flui balance, Thi polar cap, darinad aa th« 
area in tha tonoaphara panttraced by open [laid ][„■■, 
ax panda Khan cloaad Maid llnaa opan during dayalda 
■arglag and contract! wfatn opes liaLd llnaa cloaa 
during tall uarglng. The pattarni of conaactlon, 
elect etc (laid and or rant (or polar cap Inflation and 
del lit ion differ Iron chose of etoody eteco convict I do. 
thla rapnrt udala tha lion and nlactrlcal paranatara 
or polar cap inflation and da Mat ion. Ur traac tha 
idaallaad caaa ot uolfotB conductivity, a planar 
innoipbara, and "pure I," urging (l.e., no B. afCact, 
although Ha note h» tba approach uacd hata la caadlly 
■odiMad to account lor the iMact.) For tbla 
Idtallxad caaa, tha potential aaaoclatid with polar cap 
Inflation and da flat ion ia a«n to bn deacrtbad by tha 
■au equation! that govaro tha ivo-dinna tonal 
hydrodynanlo flow Into and nut a( an expanding and 
contracting cylinder with a gap in ita aide. The gap 
cot caa panda to tha breach in tha polar cap boundary 
through which Bignatlc flux paxaxa aa a remit of 
urging. Tba calculatad potential pattern dtaplaya 
tha uaual two call conract ion configuration, hot tha 

foci of the two calla era tha adgoa of tha flux gape. 

Thna tha catla ara dlaplncad annvard during dayalda 
urging and taflvari during tall Barging. 

J. Caaphya. H.--, A, Fnpar AA11B7. 
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Ionosphere , 

S5SS Intenctiou botwoen urea and parti cl u 

TtS VStSSP m Physical Properties of 

B. KudnU (School of BlantTleal Engl near leg, Conall n . 

Uni vanity, [than, K« Vort, I4SSS), D. T. FaTlay KOCKS 

and B. G. Paler 

The spectral up-down uyuetzy of type-1 achoei Bl 10 EUntislty, frantura and flow 

returned fna the aquatorUl alocrrojat irregnlarltlea IN-91TU BIRE99 tCIERHDUTlDN FROl HYDRAULIC INJECTION 

1» ihewn to b» ■ eotuaqueoca of tha non II next develop- test DATA 

unt of tha horltontally proyi gating large icale F.H.Cornet fin ml tut dn Ptiyalqun du Olcfce, Uhl v. PARIS B 

primry nvn which dcolnate tha h-iputna of the 7S230 PARIS CE0EX DS, Pranu) and D. Ualelte 

elect rot et turbulence, the vtvil roduoe the vertical Laboratory and field raaulta have ahniai that Uw 

•lactrlc polerliiUon field of the electrcjal and suffer orientation of a hydraulically propagated frantura la 
second haiBonle dUtortlor u they grow. Theta effect* rut alaoya perpudlcular to that of tha Blnlman prirol- 

toaether could ante an aayuetiy axeeadlag 20t betwien pal ntreaa but uy Da lnriuanoed by luoal wuhnaia 

the tnvard and downurd 'eraponenti of tba relative (to planae euch at praaxiatlng natural flaeuraei tha loaiar 
tha tonal electron velocity modeled with the primary the flow rata tha atrongar th* uaahniii plane* Influ- 

wavie Thii iimrt, which change* Ita direction fren once. Thti nbieivetlon hea led to a new etreea deter- 

day to night u doei th* kartiontBl electrojet current, mlnetlixi nthed failed on awmnunt of tha naraal 

oauld easily ettomt fox the radar nbeemtloni. The etreea aupported by frantura plenae. with warloui 

BAdlflcatlm of tha vortical polarllatlon field alao dlpe and atrltea, Thla new Method provldaa rasna to 

itBlta tha wrturhad vertical electron velocity to a evaluate tla pfuoiaicm of tha etraaa datamilnattan and 

vaTua about tha i are aa the wa hortaontal alec Iron nan ba appli ad to attuatlonB in adileh nena of th* 

vJineitv which ihould wslile why typ* 1 vchoa* are principal atraiiae la warlloal. Whan all tha frantura 

nhuruarf in all direction* nly HTien tha pun electron planaa an parallel to tin borahnlo axil, tha nathM 

,, nawraonlc, flnUly, thla BOdlflcatloa of u atlll ecvllcebln if fait flow rate reopening prn- 

rtx ulrfuUonflald uowtl to a significant reduc- auras can ba uaaurad and If tha prinolpal atrasa 

elect raj at conductivity, an effaot whteh direct Ion a ara auiraad to bm tndapudant of depth, va- 

inouiu ua xetx of data, ona of idiich hu been dtaousaad pravloua- 

J. duphya- BM.. it, ly In tha lltaratura. 

J. Oaophy*. bl,, I, lapag LSI [It. 

lunst A OOffAEIWtf BSlVn* THiOH «D HEABlSEHHt , 

“1; lunTtBtM Lab, Strafcyd Unlvaralty, Stanford, C*. 

M3M), K. «. Chn». »• *“ U. t. ufr, J. I- — - 

^"th^tuporal^nirf opMtr* 1 “*d ^ 

loyal of particle - piiiaaa praeipltatad by a VLf traaanlttu 

ara oaulnad frop a tboora'Lal polnt of vl«f. A-taae- . Edilaria! (Paper 4RIIJS) 

*1 tha gyrpraaaaaat^uu-pattlala^l ntara c- 

Very Long Solar Parioda and the Radlocarboa Rtcond (Pap, 

twporal *^u ^ th^^lpltatiau D f tha pat- A Review of Homomorphic Dcctuwhillofl (Paper 4Rp*W) 

Mr^tta tha lQ.a ««• (“) , 

^CbaamUlpla tnC»r«t(on'of| Itmosphxri* OulBawi -(Papai-4R4»37} 


allO Elnatlcltv, fracturu and flow 

THE POLE Of WATEP IU IHE D i FORMAT UV: OF 0U1IITE 

P.H. Chopra and M.S. Paceraaa (Faiiarch School of Earth 

Sc tan cm, Auacrallan Hatlonal Vnlvaraitv, Canborral. 

Spec [caaa of evo natural dual tea Unlla Ba®, of 
100 on grain alia, and JLhaio, o[ *00 us grain alrol 
have been defomvd Cn axparloxats at loaparacures 
batx-aan 1200* and lAOO'C and c ana r art acraln ratoa 
bazueen 10 -- and 10 ~” e“l In a gat -callus dnfomiton 
apparatua at 340 MPa confining praaaure. Prior to 
chaBB axparloauca tha apac leans wera glean a heat 
trentoarr In a concrotLad oxygen fugaclly furnace 
at L2no*C for '(J hours to dehydrate tha trace larrr 
alllcare ednorata praaa«t and drlva oil ndaorbad water. 
Tha predrlad apadhona era Duch wtrongar chan ipaclauu 
tea rad under ne condition! In on earlier aeudy. Tha 
predrlad epee Inane alio do not iluv tha apparent grain 
alia dapandanca aaan nndar «t conditions. Inf eared 
ahaorprion naaaurenanta on tin pr leant apaelnann and 
thna a of tha aar liar indy Indlcata that for n glvan 
rack, flow atrasa con ba corral acid idth the In tonal ty 
of a raaldnal 'Veras ralaud” broad abaorptlon. Hi* 
addition Df nror So o pradrlod apaclcon raouLtn fu 
both a xa churl cal nvaakanlng and on tu ramifying of 
tha broadband tnfnxad cooponane. Tie uaakanlng of 
the dual caa under wot candle Iona Io probably strongly 
Influenced by tha praoanca of mall aronnte nr a varai- 
ralaud apart ux m Uio grain bo u a dart**, bat Inero- 
grunlor waikanlng aay alao ba contributing. It la 
BBggoaud chat the coneaneretln af tba va tor -rein tad 
spades In tha grain bounder I *a la govamad by lu 
Concentration to tba sail salt fraction present. 

The mount* of water that have bean rand (a ba af 
1 apart enc* for the strength of thua dual tee are of 
tha order of O.Ol wcB. mount* amcb lean than wit 
■atlBotea of tbs ntn c patent of tha earth's 
undaplotod upper asntls. Such water Up have on 
Lnportaat role in data raining upper Bin tic flow 
behavior, 

I. Otsphya- In., B, hpu 4BC6TB. 
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FJI0 Econnolci (polity evelnatlon and allocation main} 
KODUum EFFICIEIfT IfgTU. ALLOCATION LB A GKUUNCT1VB UlE 
REOUSi THE tMMrS BAS Id Of PAKISTAH 
Carald T. O'Hara (Tho World lanh, tfaahlnoton. p,c. 

2MU), John It. Du | ay 

Efficient retoaree aie Ain ground and aurfsco water* 
are raid conjunctively H > require apeetal poUclea tn 
rational lu tha Interaction between rater uia by faraera 
and the teapaais of the iirem aquifer ayitra, in this 
paper, we exanlns altarnitlv* pollclee for achieving aura 
■Iflstenl conjunct iva u*a In tha Indue Batin of Fakta- 
tan. Vs tug a ilaulatlon oodal which link* the hydrology 
of a conjunct I rn straaa aquifer ay ■ tea to an aeonnaile 
•odel of agricultural production for each ot >1 rex tan* 
of ihn bulo tegethsr -m p rotwurk nodal oT the tlon 
in rlrsr reach* *, link canals end Urigacleo eaoeln, ve 
have atudicd ihe Joint affect of vaxloua canal rater 
allocation end eeeecleted' private tuhavell tn or subsidy 
pallejaa an overall qua efficiency. The result* 

•wAgast that largo galea |n agricultural product tan and 
anplopaani art passible, given oars efficient pallciqi, 
(Conjunctiva use, rater allHptlonl. 

Hater Keacuri Bet., fspat 4HIQ17. 
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Very Lang Solar Periods and ibe Rsdlocajbon Record (Paper 4R053I) 
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